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CHANGES IN PULSE RATE IN BLOOD VESSELS 
DURING PHYSICAL EXERCISE
Pirnazarov Elchin Anvar o‘g‘li
4th year student of the Faculty of Biology
Karshi State University

Ilmiy rahbar:
Yoldasheva Roila Jumaevna
Senior Lecturer, Department of Physiology
Karshi State University,
Orcid: 0009-0001-0638-5250 
E-mail: rohila_yoldosheva69@mail.ru

Abstract: Physical exercise exerts a significant influence on the cardiovascular system, particularly on vascular pulse 
activity. The pulse represents rhythmic oscillations of arterial walls generated by the ejection of blood from the heart 
during systole. During exercise, pulse rate, amplitude, and pressure undergo dynamic modifications to satisfy the 
increased metabolic demands of active muscles. These adaptive responses are regulated by the autonomic nervous 
system, hormonal activity, and vascular elasticity. This article examines the physiological mechanisms underlying pulse 
variations during exercise, the effects of exercise intensity and duration on vascular response, and the restoration of 
pulse parameters during recovery. The tables summarize pulse indicators and regulatory factors under different exercise 
conditions.

Key words: pulse, heart rate, blood vessels, exercise physiology, vascular tone, arterial pressure, cardiac output, 
autonomic regulation, recovery.

Annotatsiya: Jismoniy mashqlar yurak-qon tomir tizimiga, ayniqsa qon tomirlarining puls faoliyatiga sezilarli ta’sir 
ko‘rsatadi. Puls sistola vaqtida yurakdan qonni chiqarish natijasida arterial devorlarning ritmik tebranishlarini aks ettiradi. 
Mashq jarayonida puls tezligi, amplitudasi va bosim ko‘rsatkichlari faol mushaklarning ortgan metabolik talablarini 
qondirish uchun dinamik ravishda o‘zgaradi. Ushbu moslashuvlar avtonom asab tizimi, gormonal javoblar va qon 
tomirlarning elastikligi orqali tartibga solinadi. Maqolada jismoniy mashqlar paytida pulsning o‘zgarishiga ta’sir qiluvchi 
fiziologik mexanizmlar, yuklama intensivligi va davomiyligining qon tomir reaktsiyasiga ta’siri hamda tiklanish davrida puls 
parametrlarining dastlabki holatga qaytishi tahlil qilingan. Jadvallar turli jismoniy yuklama sharoitlarida puls ko‘rsatkichlari 
va regulyator omillarni umumlashtiradi.

Kalit soʻzlar: puls, yurak urishi, qon tomirlari, jismoniy mashqlar fiziologiyasi, qon tomir tonusi, arterial bosim, yurak 
chiqishi, avtonom regulyatsiya, tiklanish.

Аннотация: Физические упражнения оказывают существенное влияние на сердечно-сосудистую систему, особенно 
на пульсацию кровеносных сосудов. Пульс отражает ритмические колебания стенок артерий, возникающие 
в результате выброса крови из сердца во время систолы. В период физической нагрузки частота, амплитуда 
и показатели пульса изменяются динамически, чтобы обеспечить возрастающие метаболические потребности 
работающих мышц. Эти адаптивные реакции регулируются вегетативной нервной системой, гормональными 
механизмами и эластичностью сосудов. В статье рассматриваются физиологические механизмы изменения 
пульса при нагрузке, влияние интенсивности и продолжительности упражнения на сосудистую реакцию, а также 
восстановление параметров пульса в период отдыха. Таблицы отражают изменения пульсовых показателей и 
регуляторных факторов в различных условиях нагрузки.

Ключевые слова: пульс, частота сердечных сокращений, кровеносные сосуды, физиология физической нагрузки, 
сосудистый тонус, артериальное давление, сердечный выброс, вегетативная регуляция, восстановление.
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I N T R O D U C T I O N
The human cardiovascular system is designed to provide a continuous supply of oxygen and nutrients to 

body tissues while simultaneously removing metabolic by-products, ensuring the maintenance of physiological 
stability. The pulse, defined as the rhythmic expansion and contraction of arterial walls following each heartbeat, 
represents one of the most informative indicators of circulatory and cardiac function. Under resting conditions, 
pulse rate and amplitude remain relatively constant, reflecting balanced autonomic regulation; however, during 
physical exercise, working muscles require substantially greater oxygen and energy, leading to an immediate 
increase in cardiac output, arterial pressure and vascular responses. These changes result in measurable 
alterations in pulse frequency, amplitude and waveform characteristics. Understanding such physiological 
modifications is essential not only for athletes but also for clinical practitioners, as pulse dynamics play a 
central role in evaluating cardiovascular fitness, endurance potential and early manifestations of circulatory 
imbalance. The pulse of blood vessels serves as a fundamental parameter reflecting the rhythmic activity of 
the cardiovascular system, and during physical exertion it undergoes considerable quantitative and qualitative 
adjustments to meet elevated metabolic demands. Increased cardiac output, enhanced stroke volume and 
rising systolic pressure collectively influence changes in pulse rate, amplitude and rhythm, while complex 
neurohumoral mechanisms involving autonomic and endocrine regulation ensure the maintenance of circulatory 
efficiency. Analysis of pulse dynamics during exercise offers valuable insights into the functional state and 
adaptive capacity of the cardiovascular system, and the present article synthesizes physiological, biochemical 
and hemodynamic factors that shape pulse behavior during exertion and subsequent recovery. Human vitality 
depends on continuous energy exchange, and any form of activity — whether physical or cognitive — requires 
energy expenditure, producing biochemical shifts throughout the body. Fatigue emerges when the duration 
or intensity of activity exceeds adaptive capacity, representing a reversible state associated with temporary 
metabolic disequilibrium, and studying biochemical processes during fatigue and recovery is critically important 
for physiology, sports medicine, occupational hygiene and public health. Such understanding contributes to 
optimizing work–rest schedules, improving athletic performance and supporting efficient recovery mechanisms. 
The physiological basis of the pulse lies in the contraction of the left ventricle, which propels blood into the aorta 
and generates a pressure wave that travels throughout the arterial system, producing rhythmic arterial wall 
expansion. The principal pulse parameters — frequency, amplitude, pulse pressure, rhythm and arterial tension 
— each reflect specific cardiovascular adjustments occurring during physical exercise, providing essential 
information about circulatory adaptation and systemic physiological resilience.

L I T E R A T U R E  R E V I E W  O N  T H E  T O P I C
Research on cardiovascular responses to physical exercise consistently highlights pulse dynamics as a 

central indicator of circulatory adaptation. McArdle, Katch and Katch describe how increased cardiac output and 
enhanced autonomic activation accelerate pulse rate and improve vascular perfusion during muscular work. 
Powers and Howley demonstrate that heightened metabolic demand elevates systolic pressure, broadens pulse 
pressure and modifies arterial wall tension, thereby reflecting essential hemodynamic adjustments. Guyton 
and Hall emphasize the neurohumoral mechanisms — particularly sympathetic stimulation and catecholamine 
release — that regulate heart rate and arterial responses under physiological stress. Brooks explains that 
lactate production and redistribution during high-intensity exercise influence cardiovascular stability and 
recovery efficiency. Fitts and Sahlin further show that acidosis, metabolic by-products and temporary reductions 
in enzymatic activity contribute to fatigue, altering pulse characteristics during prolonged exertion. Collectively, 
these studies form a solid physiological foundation for understanding the pulse variations examined in this 
article.

R E S E A R C H  M E T H O D O L O G Y
This study is grounded in a comparative physiological analysis of pulse behavior across different stages of 

physical exercise. The methodological approach is based on synthesizing findings from established literature 
in exercise physiology, encompassing cardiovascular, biochemical and neurohumoral mechanisms described 
by McArdle, Katch, Powers, Howley, Guyton, Hall, Brooks and Fitts. Pulse parameters — including frequency, 
amplitude, pressure and rhythm — were assessed through a theoretical review of hemodynamic models and 
previously documented responses to various exercise intensities. Tables illustrating pulse changes during rest, 
moderate activity, intense exertion and recovery were developed by integrating data trends reported in scientific 
sources. This methodological framework enables the identification of key regulatory factors influencing pulse 
dynamics while avoiding the necessity for primary laboratory experimentation, thereby ensuring a comprehensive 
and conceptually rigorous analysis.
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A N A LY S I S  A N D  R E S U LT S
Changes in pulse behavior during physical exercise reflect the coordinated physiological adjustments of 

the cardiovascular system. Pulse frequency, or heart rate, increases in direct proportion to exercise intensity. 
This rise is primarily driven by enhanced sympathetic nervous activity that stimulates the sinoatrial (SA) node, 
suppression of parasympathetic (vagal) tone and the release of catecholamines — such as adrenaline and 
noradrenaline — from the adrenal medulla. At the onset of moderate exercise, heart rate typically rises from 
70–80 bpm to 120–140 bpm, and during high-intensity exertion it may reach 160–200 bpm, depending on age 
and individual fitness level.

Pulse amplitude, which reflects stroke volume and arterial wall elasticity, also changes during physical 
activity. Moderate exercise increases amplitude due to enhanced stroke volume, whereas maximal exertion 
may cause a slight decrease if peripheral resistance becomes markedly low or if cardiac efficiency temporarily 
declines.

Pulse pressure widens during exercise as systolic pressure increases while diastolic pressure remains 
stable or slightly decreases. The resulting increase in pulse pressure indicates more forceful blood ejection, 
thereby improving perfusion of working muscles.

The distribution of pulse changes throughout the body also varies by anatomical region. Radial and carotid 
arteries exhibit a distinct rise in both frequency and amplitude, whereas peripheral arteries such as the dorsalis 
pedis show a less pronounced amplitude increase due to vasodilation and the greater distance from the heart. In 
capillaries and veins, pulse waves become faint or nearly imperceptible because of reduced pressure gradients 
and vascular structure (Table 1).

Table 1. Pulse Parameters at Rest and During Exercise
Parameter At Rest Moderate Exercise Intense Exercise During Recovery

Pulse Rate (bpm) 60–80 100–130 150–190 Gradually returns to 
60–80

Systolic Pressure (mmHg) 110–120 130–160 160–200 Returns to baseline
Diastolic Pressure (mmHg) 70–80 70–80 80–90 or unchanged Normalizes slowly

Pulse Pressure (mmHg) 40–50 60–80 80–100 Gradually 
decreases

Pulse Amplitude Normal Increased Slightly reduced at 
maximum load Normalized

Rhythm Regular Regular (faster) Regular or slightly 
irregular Restored

Arterial Wall Tension Normal Reduced (due to 
vasodilation) Further reduced Returns to normal

Oxygen Consumption (ml/
kg/min) 3.5 (resting) 15–25 35–50+ Decreases toward 

rest

Fatigue manifests as a reduction in muscle strength, diminished alertness and impaired concentration, 
and its biochemical basis is rooted in disturbances of energy metabolism, neurotransmitter balance, hormonal 
regulation and acid–base homeostasis. Adenosine triphosphate (ATP) serves as the primary energy molecule 
of the human body, and during muscle contraction and neural activity it is continuously hydrolyzed to adenosine 
diphosphate (ADP) and inorganic phosphate. Fatigue develops when ATP consumption surpasses its rate 
of synthesis. ATP is regenerated through three major pathways: the phosphagen system, which supplies 
immediate energy for short bursts of activity; the glycolytic pathway, which produces ATP anaerobically while 
generating lactic acid; and oxidative phosphorylation, which produces ATP efficiently in mitochondria through 
oxygen utilization.

Sustained or intense physical activity rapidly depletes phosphocreatine reserves, accelerates glycolysis 
and increases lactic acid accumulation, resulting in acidosis and diminished contractile capacity. Muscle 
glycogen, the principal substrate for ATP synthesis, is also progressively depleted. As glycogen levels decline, 
ATP resynthesis slows, forcing the body to rely increasingly on fat oxidation — a slower metabolic process that 
contributes to fatigue during prolonged exertion. Under anaerobic conditions, pyruvate is converted into lactic 
acid, and excessive accumulation lowers intracellular pH (approximately 6.5–6.8), inhibits enzyme activity — 
particularly phosphofructokinase — and weakens muscle contraction. Additional accumulation of ammonia, 
ADP, inorganic phosphate and carbon dioxide intensifies metabolic stress and reduces neuronal excitability, 
deepening the sensation of fatigue.
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Prolonged muscular activity also increases mitochondrial oxygen consumption, promoting the formation 
of reactive oxygen species (ROS) such as superoxide and hydrogen peroxide. When antioxidant defenses — 
including superoxide dismutase, catalase and glutathione peroxidase — become insufficient, oxidative stress 
develops. This leads to lipid peroxidation, protein degradation and mitochondrial dysfunction, which further 
exacerbate fatigue and delay recovery. Hormonal changes accompany fatigue: adrenaline and noradrenaline 
accelerate heart rate and mobilize glucose; cortisol stimulates gluconeogenesis but may enhance protein 
catabolism; insulin sensitivity decreases transiently; and glycolytic enzymes increase in activity while oxidative 
enzyme efficiency declines under limited oxygen availability. These reactions represent the body’s attempt to 
maintain energy homeostasis under stress, yet prolonged activation may contribute to biochemical exhaustion.

Rest is not merely the absence of activity but a critical phase of active metabolic restoration in which 
anabolic processes dominate and homeostasis is re-established. Following fatigue, ATP and phosphocreatine 
replenishment becomes the body’s priority, with mitochondrial oxidative phosphorylation serving as the primary 
mechanism of ATP regeneration. Glycogen resynthesis in both muscle and liver tissues proceeds through 
glycogenesis, aided by insulin and enhanced glucose uptake. Improved blood and lymph circulation during 
rest accelerate the removal of lactic acid and other metabolic by-products. Lactic acid is oxidized to pyruvate 
and carbon dioxide in muscles, converted into glucose through the Cori cycle in the liver or utilized as an 
energy substrate by the heart. This clearance restores acid–base balance and maintains physiological pH 
(approximately 7.4), which is vital for enzymatic stability.

During recovery, catabolic hormones such as cortisol and adrenaline decline, whereas anabolic hormones 
including insulin, growth hormone and testosterone increase, facilitating protein synthesis, glycogen storage 
and tissue repair. Melatonin released during sleep enhances antioxidant capacity and supports mitochondrial 
recovery. Enzymatic activity, temporarily inhibited during fatigue, is restored through renewed protein 
synthesis and ribosomal function, allowing the replacement of damaged proteins and improving functional 
capacity. Neurotransmitter levels, particularly dopamine and serotonin, return to normal ranges, improving 
mood, motivation and central nervous system function. The immune system also regains cytokine balance and 
antioxidant enzyme activity, reducing inflammation caused by prolonged exertion.

Proper nutrition and hydration are essential to effective biochemical recovery. Carbohydrates restore 
glycogen reserves; proteins provide amino acids for muscle and enzyme repair; fats support cellular membrane 
integrity; and electrolytes (Na⁺, K⁺, Mg²⁺) maintain osmotic balance. Antioxidants — such as vitamins C and E, 
selenium and coenzyme Q10 — help neutralize ROS and protect cellular structures.

Understanding the biochemical foundation of fatigue and recovery provides significant benefits for sports 
physiology, occupational health and clinical rehabilitation. In athletic training, such knowledge informs the design 
of effective exercise–rest cycles that enhance performance and prevent overtraining. In occupational medicine, 
it supports the development of work–rest schedules aimed at preventing chronic fatigue. In rehabilitation, 
biochemical monitoring enables accurate evaluation of patient progress following injury or surgery. The 
autonomic nervous system plays a central regulatory role through sympathetic activation, which increases heart 
rate, contractility and pulse amplitude, and parasympathetic withdrawal, which permits rapid pulse acceleration. 
Baroreceptor reflexes help maintain blood pressure stability during movement, while hormones such as 
adrenaline, noradrenaline and thyroxine modulate cardiovascular responses and metabolic activity. Vascular 
mechanisms — including skeletal muscle vasodilation, elevated venous return through the muscle pump and 
the stabilizing effect of elastic arteries — support efficient circulation during increased cardiac output (Table 2).

Table 2. Regulatory Factors Affecting Pulse During Exercise
Regulatory Mechanism Effect on Pulse Physiological Purpose

Sympathetic Stimulation ↑ Pulse rate and amplitude Enhances cardiac output

Parasympathetic Withdrawal Removes vagal inhibition → faster 
pulse Allows rapid cardiovascular adaptation

Adrenaline/Noradrenaline 
Release ↑ Heart contractility and rate Supports muscle perfusion under stress

Increased Venous Return (Muscle 
Pump) Maintains or increases stroke volume Sustains strong pulse amplitude

Vasodilation in Skeletal Muscles ↓ Peripheral resistance Facilitates blood delivery to active tissues
Baroreceptor Reflex Adjustment Stabilizes pressure and rhythm Prevents overstrain of cardiac system

Temperature Regulation Peripheral vasodilation increases pulse 
amplitude Enhances heat dissipation

Training Adaptation (Athletes) Resting pulse decreases; pulse rise 
during work is more efficient

Reflects improved cardiac efficiency and 
oxygen transport
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After physical exercise, the body enters a recovery phase during which parasympathetic activity gradually 
regains dominance, restoring cardiovascular stability. During this period, heart rate, pulse amplitude and arterial 
pressure progressively return to baseline values as autonomic balance, metabolic processes and vascular tone 
normalize.

Regular endurance training produces several notable physiological adaptations. Trained individuals 
typically exhibit a lower resting pulse rate (athletic bradycardia), reflecting enhanced cardiac efficiency and 
increased stroke volume. During exercise, they demonstrate greater pulse amplitude, more effective oxygen 
delivery and improved vascular elasticity and perfusion. Recovery after exertion occurs considerably faster due 
to improved autonomic regulation, metabolic economy and cardiovascular resilience.

These adaptive responses collectively indicate superior circulatory regulation and a more efficient 
integration of cardiovascular and metabolic systems in trained individuals compared to untrained individuals.

C O N C L U S I O N  A N D  R E C O M M E N D A T I O N S
Changes in the pulse of blood vessels during physical exercise directly reflect the cardiovascular and 

metabolic adjustments required to accommodate increased physiological load. Pulse frequency, amplitude 
and pressure rise dynamically to ensure adequate oxygen delivery to active tissues, while coordinated neural, 
hormonal and vascular mechanisms facilitate rapid adaptation and efficient post-exercise recovery. Continuous 
monitoring of pulse behavior provides valuable insight into cardiovascular health, endurance potential and 
overall physiological resilience.

Fatigue and rest represent two interdependent phases of the human metabolic cycle. Fatigue indicates 
a temporary disruption of biochemical homeostasis resulting from energy depletion, acidosis and oxidative 
stress. Rest initiates restorative biochemical processes that replenish ATP, glycogen and protein reserves while 
supporting the removal of metabolic by-products. The efficiency of these restorative mechanisms determines 
overall performance, endurance capacity and long-term health. A balanced work–rest regimen, supported by 
adequate nutrition and sufficient sleep, serves as the foundation of sustainable physical and mental productivity.

Recommendations highlight the importance of monitoring pulse responses during physical activity, as 
this allows for accurate assessment of workload tolerance in both training and clinical contexts. Exercise 
programs should be designed with careful consideration of individual cardiovascular capacity, ensuring gradual 
progression of intensity to prevent excessive strain. Proper rest, hydration and nutrition are essential for 
effective biochemical recovery, helping restore metabolic balance and minimize fatigue. Furthermore, future 
research should emphasize controlled measurements of pulse dynamics across different exercise modalities 
to enhance the precision and clinical applicability of cardiovascular assessment methods in both sports and 
medical practice.
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