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Abstract 

This study investigated the ergogenic effect of acute application of a topical carnosine gel on 

middle distance running performance. In a block-randomised, single-blind, crossover design, 

16 trained middle-distance runners (9 males, 7 females; age 25 ± 5 years; height, 177 ± 7 cm; 

mass, 67 ± 6 kg, training duration 8.3 ± 3.2 h/wk) performed an 800m outdoor individual time-

trial under three different conditions: no-gel trial (NG),  informed carnosine – given placebo 

gel (PG), and informed carnosine –  given carnosine gel trial (CG). Gel dose was 0.2ml/kg 

body mass (13.4 ± 1.3 mL) which was applied to the upper and lower legs 60 min prior to the 

time-trial. Blood lactate (BLa), heart rate (HR) and perceptual responses were determined pre 

and post time-trial. Linear mixed modelling revealed that there was no difference in 800m 

performance time (p = .276), lap split difference (p = .419), peak HR (p = .956), perceived 

readiness (p = .644), or differential RPE (p = .805 to .891), between conditions. There was an 

overall effect of trial condition on post-trial peak blood lactate (p= .029), with a greater peak 

blood lactate in CG than NG trials (NG = 15.0 ± 4.2, PG = 15.5 ± 3.9, CG = 16.5 ± 3.7 mmol/L,  

p = .017,  d = 0.45), but not PG vs CG trials (p = .114) or NG vs PG (p = .420). In conclusion, 

despite some evidence for greater blood lactate concentration, the application of a topical 

carnosine gel has no ergogenic placebo or true ergogenic effect on middle-distance running 

performance.  

Keywords: acid–base balance, ergogenic aids, lotion, sprint-endurance, high-intensity 

exercise, buffer 
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Chapter 1: Introduction 

Ergogenic aids are an important tool commonly used within sporting contexts from recreational to elite 

athletes. They function to address specific limiting factors during exercise in a way that can improve 

performance measures and outcomes. It is important that research attempts to independently determine 

the effectiveness of the many different supplements that are available to athletes and that claim to 

enhance performance. The outcomes of such applied research can be used to shape athletes’ and 

practitioners' decisions regarding supplementation in the context of their own physiology and sporting 

event. Indeed, the current thesis aims to add to the immature but growing body of literature concerning 

topically applied supplements, such as LactiGo™, under unique contexts and performance 

environments. Specifically, this thesis aims to determine the effect of acute, topical carnosine on middle-

distance running performance. 

The outline of this thesis is shown in Table 1. Following this short introduction, Chapter 2 is a literature 

review which describes physiological processes that underpin the exercise response, acidosis as a source 

of peripheral fatigue and buffer-based compounds as ergogenic aids. Chapter 3 is the main experimental 

study of this thesis, which addresses the following research questions: (i) does the acute topical 

application placebo or carnosine gel improve 800m time-trial performance? (ii) does the application of 

topical carnosine gel change peak lactate response in trained middle-distance runners? (iii) does the 

acute topical application placebo or carnosine gel alter perceived readiness to perform before, and 

perceived effort after an 800m time-trial. This chapter is written in a format suitable for future 

submission to a peer-reviewed journal. It is acknowledged that due to this thesis being presented in 

Format 2: manuscript structure, there is some repetition between the literature review in Chapter 2, and 

the introduction of the manuscript in Chapter 3. Finally, Chapter 4, will further discuss the results of 

Chapter 3, placing them in an applied context and offering directions for further research.  

Table 1. Thesis Outline 

Chapter Title Purpose 

1 Introduction General introduction to the thesis 

2 Supplementation in the 

context of High Intensity 

Exercise 

Narrative literature review on acidosis as a limiting 

factor during high intensity exercise,  

and the primary supplements used to mitigate its effects 

3 The Effect of Acute Topical 

Carnosine Application in 

Middle Distance Running 

A randomised, crossover study assessing the effect of 

acute topical carnosine application 

on 800 meter time-trial performance and peak lactate in 

trained runners. 

4 Summary and future 

directions 

Overall discussion in which the results of Chapter 3 are 

applied to practice, and future research directions are 

offered 
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Chapter 2: Literature Review 

 

Introduction 

Sporting performance at the highest level demands athletes push themselves to the limits of their 

physiological capacity. Many Olympic and competitive events, particularly those lasting from 1 to 10 

minutes, such as the 400m, 800m, and 1500m run, rowing, and cycling pursuits lead to marked 

disturbances in muscle pH (Cairns & Lindinger, 2025) and metabolite accumulation (Cairns, 2013) that 

contribute to fatigue and limit performance (Hultman et al., 1985; Sprague & Mann, 1983). Given the 

central role of acidosis in these scenarios, there has been longstanding interest in strategies that might 

attenuate its effects (Dennig et al., 1931). Among the most promising of these is supplementation 

designed to enhance the body’s capacity to tolerate these chemical changes either through oral ingestion 

of agents like sodium bicarbonate (Grgic, Grgic, et al., 2021) and β-alanine (Trexler et al., 2015), or 

more recently, through topical delivery methods (Prausnitz et al., 2004) that aim to bypass limitations 

associated with gastrointestinal tolerance or the need for chronic dosing. 

The aim of this review is to synthesise the literature around buffering strategies for high-intensity 

exercise, with a particular focus on the emerging role of transcutaneous supplementation. Specifically, 

it will (1) examine the physiological mechanisms underpinning high-intensity exercise and the role of 

acidosis, (2) review the compounds and evidence supporting traditional oral buffering agents such as β-

alanine and sodium bicarbonate, and (3) explore novel topical applications, particularly carnosine-based 

products, for their potential as ergogenic aids in sport.  

 

Exercise Metabolism  

Acute exercise Metabolism  

Exercise metabolism functions to maintain the supply of high-energy adenosine triphosphate (ATP) to 

skeletal muscle. ATP is required for many cellular processes within myocytes including membrane 

excitability (Na+/K+ ATPase), sarcoplasmic reticulum (SR) calcium handling (Ca2+ ATPase) and 

myofilament cross-bridge cycling (myosin ATPase) (MacIntosh et al., 2012). However, ATP is not 

stored in muscle in large quantities and is only able to supply energy sufficient for a few seconds in an 

all-out effort (Hargreaves & Spriet, 2020). Accordingly, other metabolic pathways are utilised including 

both substrate-level (anaerobic) and oxidative (aerobic) phosphorylation. Here we will discuss the 

pathways that lead to the generation of ATP, and how the contribution of these pathways shapes the 

exercise response, particularly during high intensity exercise. 
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During anaerobic phosphorylation most ATP is derived from the breakdown of phosphocreatine (PCr) 

and carbohydrates (Medbo & Tabata, 1993; Parolin et al., 1999). Beyond ATP glycolysis produces a 

series of intermediary molecules, most notably pyruvate, nicotinamide adenine dinucleotide hydride 

(NADH) and hydrogen ions (H+). These pathways have a very high power (rate of ATP production) but 

are extremely limited in their capacity (Sahlin et al., 1998). During aerobic phosphorylation most ATP 

is derived from the oxidation of carbohydrates and free fatty acids (Hawley et al., 2014) which is reliant 

on the delivery of oxygen to tissue and is characterised by its utilisation of hydrogen ions and electron-

transporters to drive the production of ATP along with carbon dioxide, and water. These pathways have 

a very large capacity, with comparatively less power (Sahlin et al., 1998). The relative contribution of 

each metabolic pathway during exercise is determined by many factors between-individuals such as 

training status, diet, sex, age and environment, however within an individual the two primary factors 

are the intensity and duration of exercise (Romijn et al., 1993). 

 

Intensity Dependent Response 

Exercise intensities are commonly categorised into ‘intensity domains’ - moderate, heavy, severe and 

extreme - with each characterised by their distinct oxygen uptake kinetics and blood lactate response 

(Jamnick et al., 2020; Mann et al., 2013; Roston et al., 1987). During moderate intensity exercise, VO₂ 

reaches a plateau and blood lactate and H⁺ concentrations remain near baseline (Hollidge-Horvat et al., 

1999, 2000). ATP production is met primarily by oxidative phosphorylation (Barstow et al., 1994; 

Jorfeldt et al., 1978; Robergs et al., 2004; Rossiter et al., 1999) in type I muscle fibres (Henneman et 

al., 1965), with low calcium flux (Howlett et al., 1998). During heavy intensity exercise cytoplasmic 

ATP turnover increases alongside the recruitment of type II muscle fibres (Gaesser & Poole, 1996; Jones 

et al., 2011; Katz & Sahlin, 1988, 1990; Robergs et al., 2004) accompanied by a moderate amount of 

calcium flux. Blood and muscle lactate concentrations rise above baseline while muscle pH decreases, 

but a steady-state is achieved (Jorfeldt et al., 1978; Vanhatalo et al., 2016). The severe and extreme 

domains represent high-intensity exercise, where there is further recruitment of fatigable type II muscle 

fibres (Gaesser & Poole, 1996; Jones et al., 2011) and substantial calcium flux (Howlett et al., 1998). 

Blood and muscle lactate continue to rise, muscle pH progressively declines (Poole et al., 1988; 

Vanhatalo et al., 2016) and physiological steady-state cannot be achieved. Each domain therefore elicits 

a unique response, meaning the limiting factors are not strictly uniform across intensities.  

 

Acidosis During High-intensity Exercise 

Acid-base balance is crucial factor that exists within homeostasis and physiological function of the 

body. Characterised by the presence of compound that either donate or accept a proton (H+) (Brönsted, 
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1923; Lowry, 1923).  At rest intracellular pH is 7.0 to 7.2 while plasma is 7.3-7.4, and as mentioned 

above shows a continual drop during high-intensity exercise (Hermansen & Osnes, 1972). pH declines 

toward values of 6.6 and lower at task failure (Cairns & Lindinger, 2025; Juel et al., 1990). The 

relationship between reduction in pH and performance is clear but the mechanism by which this occurs 

has been a subject of investigation for quite some time (Fitts, 1994). Proposed mechanisms include 

impacts of calcium regulation at the sarcoplasmic reticulum, myofilament function and finally 

metabolism (Cairns & Lindinger, 2025), all of which have the capacity to impact available energy or 

the translation of energy to mechanical outcomes.  

While H+ does not appear to impair the release of Ca2+ from the sarcoplasmic reticulum (SR) when 

normal physiological processes are involved, it does however inhibit Ca2+ reuptake by 

Sarcoplasmic/Endoplasmic Reticulum Calcium ATPase (SERCA) leading to slower relaxation time 

across both maximal and submaximal workloads (Wolosker et al., 1997). Reductions of pH to 6.0-6.5 

see declines in shortening velocity by 15-30% (Karatzaferi et al., 2008; Knuth et al., 2006; Nelson & 

Fitts, 2014), a process likely due to changes in myosin ATPase activity (Blanchard et al., 1984; 

Parkhouse, 1992; Woodward & Debold, 2018). The effect of inhibited Ca2+ reuptake has also been 

reinforced in vitro where unloaded filament velocities declined as a results of slowed detachment 

between contractile fibres (Debold et al., 2008; Greenberg et al., 2010; Jarvis et al., 2018; Longyear et 

al., 2014; Woodward & Debold, 2018). Another effect at the site of myofilament is a reduction of Ca2+ 

sensitivity characterised by a shift in the force - Ca2+ relationship (Nelson et al., 2014; Pate et al., 1995; 

Westerblad et al., 1997; Westerblad & Allen, 1993) particularly in type II fibres (Nelson & Fitts, 2014). 

This change is likely driven by actions on troponin-C (TnC) that actively inhibit the binding of free 

Ca2+ and reduce cross-bridge formation that underly the suppression of force and power (el-Saleh & 

Solaro, 1988; Meyer et al., 1991; Parsons et al., 1997; Unger & Debold, 2019). 

Beyond the direct effects of acidity on contraction, intracellular acidosis may also impact muscle 

function through the availability and supply of ATP. Increases in [H+] severely inhibit the activity of 

phosphofructokinase (PFK) (Dobson et al., 1986; Trivedi & Danforth, 1966) and glycogen 

phosphorylase (Phos) (Chasiotis et al., 1983; Hollidge-Horvat et al., 1999; Kasvinsky & Meyer, 1977; 

Parolin et al., 1999), two key enzymes that regulate the release of glycogen and commitment of 

metabolic fuel to the glycolytic pathway (Bloxham et al., 1973; Cori et al., 1939). Increased [H+] also 

reduces adenylate cycles activity, which lowers cyclic adenosine monophosphate (cAMP) and 

subsequent activation of glycogen phosphorylase for glycolysis (Chasiotis et al., 1983). These processes 

combine to see a reduction in glycolytic flux, reducing not only the supply of ATP but the production 

of key measurable metabolites such as lactate (Hollidge-Horvat et al., 1999)  

Many of the effects of acidosis were initially discovered through isolated fibre preparations where 

changes in force output appeared notably small (< 10 %) under physiological conditions. Investigations 



 
16 

however, in intact animals and humans have confirmed that this impact translates to exercising muscle 

(Hultman et al., 1985; Kowalchuk et al., 1984; Sutton et al., 1981). It is this foundational understanding 

that has shaped the hypothesis that acidosis, alongside other anaerobic metabolites, are a physiological 

limiting factor in performance (Noakes et al., 2005; Siegler et al., 2016). There are well understood 

mechanisms within human physiology that see compounds within the body buffer pH in what we 

understand as a means of maintaining homeostasis an subsequent function (Shaw & Gregory, 2022). 

This has led to the wider exploration and manipulation of these compounds with the goal of improving 

muscle and whole-body performance.  

 

Acid Buffers in the Human Body 

Buffers function to mitigate changes in hydrogen ion concentration both in intracellular and 

extracellular environments (Shaw & Gregory, 2022). Acid buffers do this by accepting a proton (H+) 

allowing for the maintenance of cellular function in skeletal muscle, particularly throughout that of 

high-intensity exercise. Intracellular buffers act at the site of accumulation to effectively remove free 

hydrogen ions within the cell, this includes dipeptides like anserine and carnosine (Davey, 1960), and 

some do it through the catalytic reduction of metabolic intermediaries (pyruvate) (Kemp, 2005). 

Extracellular buffers such as bicarbonate (HCO3
-) act in extracellular fluid acting to improve the 

removal of hydrogen ions from skeletal muscle (Cairns & Lindinger, 2025). In the sub sections below, 

each key compound will be described, including where they are found and how they are formed.  

 

Lactate as an Intracellular Buffer 

At lower intensities pyruvate forms during glycolysis and is destined for oxidation at the mitochondria. 

However, increases in energy demand mean that there comes a point where the this rate of oxidation is 

unable to match the rate of pyruvate and metabolite production (Noakes et al., 2005; Siegler et al., 

2016). Many have commonly viewed pyruvate as the end product of glycolysis, however its presence 

is comparatively minimal compared to lactate (Medbo & Tabata, 1993; Parolin et al., 1999). The 

conversion between pyruvate and lactate is a reversible reaction catalysed by lactate dehydrogenase 

(LDH). In the response to high intensity exercise the accumulation of glycolytic products (H+ and 

NADH) in the cytosol. This shifts the reaction toward the production of lactate, consequently 

consuming H+ and regenerating NAD+. This mechanism underpins the co-occurrence that is the increase 

in [H+] and [La-] during high-intensity exercise (G. C. Henderson et al., 2004; Robergs et al., 2004). At 

rest intramuscular lactate concentrations lie between 0.4 – 3.4 mM, and following high-intensity 

exercise generally increases up to 30 mM in an approximate 20-fold change (Cairns & Lindinger, 2025). 
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The primary regulators of lactate movement between intra and extra-cellular environments in skeletal 

muscle, are monocarboxylate transporters (Brooks, 2018). These are a class of passive membrane 

protein identified in skeletal muscle and utilise the H+ concentration gradient to co-transport lactate and 

H+. The MCT4 isoform primarily functions to extrude lactate from the cel and is most prevalent in 

glycolytic, type II fibres that see high intracellular concentrations of metabolites during exercise 

(Cairns, 2013). The MCT1 isoform primarily functions to import lactate for oxidation, most prevalent 

in oxidative/type I  fibres that are quiescent or inactive (Kowalchuk et al., 1988; Lindinger et al., 2013). 

These combined processes are defined by Brooks (Brooks, 2018) to explain the lactate shuttle theory, 

where by temporary intermediaries of metabolism can be transported and utilised elsewhere. 

Importantly this is a pathway by which H+ is removed from intracellular environments into circulation 

in a process that limits intracellular accumulation and attenuates fatigue (Bisetto et al., 2019; Kitaoka 

et al., 2022; Westerblad & Allen, 1992). 

 

Carnosine as an Intracellular Buffer 

Carnosine (β-alanyl-L-histidine) is a dipeptide molecule that is synthesised through the combination of 

β-Alanine and L-Histidine. It exists most prominently in skeletal muscle. (Davey, 1960; Hill et al., 2007; 

Smith, 1938). Biopsies from human Vastus Lateralis show concentrations ranging from 12-60 mmol/kg, 

making it one of the most abundant small compounds with comparable values to that of 

phosphocreatine, creatine and ATP (Harris et al., 1974). Early research conducted by Bate-Smith (1938) 

demonstrated that it had a imidazole side-chain with a pKa of 6.83 (Deutsch & Eggleton, 1938), placing 

it in apposition to buffer protons in a key pH range observed during increased energy demand as 

discussed above. This idea was reinforced by Davey and Mannion who made the case that carnosine 

contribution to buffering lay somewhere within the large range of 7-40% (Davey, 1960; Mannion et al., 

1992). Following this, observations were made as the variance among individuals with power athletes 

having higher carnosine levels than both that of untrained and endurance trained individuals (Parkhouse 

et al., 1985). Discoveries such as this opened the door for investigation into other methods by which we 

might be able to manipulate intramuscular carnosine in an effort to delay fatigue during high-intensity 

exercise. 

Several factors such as species, gender, age, fibre type, diet and exercise have all been considered as 

determinants of intramuscular carnosine (Harris et al., 2012), with diet and exercise now becoming a 

key focus for intervention. Carnosine is present within the diet primarily through the consumption of 

meat and fish (Abe, 2000) though the presence of carnosinase in the gut and plasma suggests that it is 

returned to its amino components in that of β-Alanine and L-Histidine before reaching the blood (Park 

et al., 2005).This leaves carnosine to be re-synthesised in situ by the enzyme carnosine synthase (Drozak 

et al., 2010a), with a magnitude dependant on the availability of β-Alanine (Harris, 2006). This is the 
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line of thought taken by many researchers in exercise performance, with many articles investigating the 

effect of supplemented carnosine on both exercise capacity and performance. 

 

Bicarbonate as an Extracellular Buffer 

Bicarbonate is a weak base that exists in large concentrations in the human body and is understood to 

underpin one of the most important buffers systems  in the body. Brönsted–Lowry define a base as a 

proton (H⁺) acceptor (Brönsted, 1923; Lowry, 1923), reducing [H+] and pH of a given system as defined 

by: 

pH =  − log  [H+]  

In the context of bicarbonate, (HCO₃-) contribute to extracellular buffering by accepting protons to form 

carbonic acid (H₂CO₃), which subsequently dissociates into water and carbon dioxide. This relationship 

forms a buffer system that it made up of a weak acid and its conjugate base, acting in a dynamic fashion 

to neutralise the effects of large changes in [H+] and subsequent pH.  

H+ +  A− ⇋  HA  

In this buffer there is an equilibrium established between the ionised and non-ionised forms, this value 

is defined as the rate constant K. 

𝐾𝑎 =  
[H+][A−]

[𝐻𝐴]
  

This can be re-arranged to form the Henderson equation (L. J. Henderson, 1908) 

[H+] = 𝐾𝑎  
[A−]

[𝐻𝐴]
 

The logarithms can be taken to give the Henderson-Hasselback equation (Hasselbalch, 1916) 

pH =  p𝐾𝑎 + log  
[HA]

[𝐴−]
  

The pKa is characterised by an equal concentration of acid/conjugate base and determines the pH at 

which the buffer is most effective. At rest pH is approximately 7.4, and the ratio of HCO3
– to H2CO3 is 

5000:1. A 1:1 ratio of these compounds occurs a pH 6.1 (pKa value), telling us that this system possesses 

its greatest ability to resist changes in pH under conditions of metabolic acidosis. This mechanism plays 

a key role in maintaining acid–base homeostasis during metabolic disturbances much like that of high-

intensity exercise.  
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H2CO3 ⇋  HCO3
− +  H+ 

 

Supplementation Strategies to Improve Buffer Capacity 

The discovery of these compounds, along with the proposed role of acidosis in fatigue lay the foundation 

for future investigation. Early works by Dennig et al. (1931) made the observations that alkalosis prior 

to exercise improve work capacity. Soon after this, came the understanding that compounds such as 

carnosine to buffer changes (Davey, 1960; Deutsch & Eggleton, 1938). These were the discoveries that 

drove exploration into the augmentation of specific compounds, now with the intention of improving 

exercise performance and capacity. In this section, current oral supplementation strategies will be 

described and linked to their respective changes in physiological status and performance.  

 

Oral Supplementation of β- Alanine 

β-Alanine is a non-proteogenic and nonessential amino acid that is a rate limiting factor in the synthesis 

of carnosine (Harris, 2006). The molecule itself can be synthesised in the liver in small quantities 

otherwise is obtained from carnosine containing food such as beef, pork, poultry and fish (Trexler et 

al., 2015). The use of oral β-Alanine supplementation has been shown to increase muscular carnosine 

through chronic dosing strategies of  4-6 g/day for 4+ weeks. This form of chronic, cumulative dosing 

has shown to induce large relative increases (42-66 %) in muscle carnosine  (Harris et al., 2009; 

Stellingwerff et al., 2012). Supplementation with β-Alanine has shown to attenuate changes in pH 

during high intensity exercises (Baguet et al., 2010), supporting the theory that underlies the 

justification for supplementation. There does not, however, appear to be any consistent evidence that is 

responsible other metabolic markers such as blood lactate (Glenn et al., 2015).  

The review of studies investigating the effect of dietary supplementation of β- Alanine on endurance 

performance (Table 2) suggests the evidence is promising, but by no means certain. The studies were 

presented in Table 2 were all blinded, utilising a randomised placebo-control design, testing maximal 

whole-body exercise performance trials of 1–4 minutes duration in trained athletes. Of these, only four 

of seven showed significant improvements in their chosen performance measure, and those that did 

reported relatively small (~2%) changes. It’s for this reason that meta-research plays a key role, 

searching for small effect or marginal improvements, while often operating with small sample sizes.  

Systematic reviews and meta-analyses have helped shape the consensus in regard to the  

supplementation of β-Alanine and performance, especially across a variety of study designs and 

assessment methods (Hobson et al., 2012; Saunders, Elliott-Sale, et al., 2017). To date, the literature 

has shown a small to moderate effect size that is moderated by a few key factors (Georgiou et al., 2024; 
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Huerta Ojeda et al., 2020). The most effective doses appear to be those that are higher (5.4-6.4 g daily) 

that extend over a more chronic period of 4+ weeks (Georgiou et al., 2024). Test structure is another 

key factor with clear effects only observed in maximal exercise from 1-10 minutes (Georgiou et al., 

2024; Hobson et al., 2012; Saunders, Elliott-Sale, et al., 2017) aligning with the time domain that elicits 

the greatest pH (Cairns, 2006). This concept of test structure also extends toward open-ended capacity 

testing vs fixed distance or duration (performance) testing.  Both appear to show differences over a 

placebo group; however, the effect sizes found in capacity tests are up to twice as large.  

 

Table 2. Studies investigating β-Alanine supplementation and sport performance. Studies were limited to blinded and 

randomised control-trial design adopting maximal whole-body exercise performance trials of 1–4 minutes duration in trained 

athletes. 

Study Pop. Sample Dose & Duration 
Sport and 

Performance Test 

Main Findings  

(Mean Change ± SD) 

Bellinger & Minahan 

2016(c) 

14 Cyclists 

25 ± 7 years 

6.4 g/day  

4 weeks 

1km Cycle TT  

 

↓ 0.1 ± 0.6 % in time (p = .770) 

↓ 0.2 ± 0.6 % power output (p = .520) 

Bellinger & Minahan 

2016(a) 

17 Cyclists   
25 ± 6.years 

6.4 g/day  
4 weeks 

Cycling TTE 120% 
VO2max 

 

↑ 7.3 ± 4.6 % in TTE (p = .041) 
 

Brisola et al. 

2017 

22 Water-polo 

Players 

4.8 g/d - 6.4 g/d  

4 weeks 

200m TT swim ↓ 2.2 ± 2.6 % in 200m time (p > .05) 

Painelli et al. 

2013 

7 Swimmers  

21 ± 3 years 

3.2 - 6.4 g/day 

3 weeks 

100 & 200m TT 

swim 

↓ 2.1 ± 2.1 % in 100m time (p = .07) 

↓ 2.0 ± 1.0 % in 200m time (p = .002)  

Ducker et al.  

2013 

18 Runners 

22 ± 6 years  

6.4 g/day  

4 weeks 

800m TT  ↓ 2.5 ± 0.3 % in 800m time (p = .02) 

 

Howe et al. 

2013 

16 Cyclists 
24 ± 6 years 

65 mg/kg/day  
4 weeks 

4 min cycling TWD ↑ 1.6 ± 1.9% in average power (p = .25) 

Milioni et al. 

2019 

17 Cyclists  

25 ± 6 years 

6.4 g/day  

4 weeks 

Running  TTE 

115% VO2max  

 

No reported difference in TTE (p =  .33) 

NA 

TTE = Time to Exhaustion , TWD = Total work done, TT = Time trial, NA = Not Available 

 

Oral Supplementation of Sodium-bicarbonate 

Sodium bicarbonate (NaHCO3
-) is an alkaline bicarbonate salt that falls into the same category as 

compounds such as sodium citrate and calcium/sodium lactate. The acute oral consumption of these 

compounds has shown to be an effective method to induce acute alkalosis  (Heibel et al., 2018). This is 

evident in rises in plasma [HCO3
-] from 25 to 30 mM (de Oliveira et al., 2022; Gough et al., 2018; Street 

et al., 2005) accompanied by an upward shift in resting/pre-exercise pH of ~0.06, an augmentation large 

enough to be considered an acute alkalosis (de Oliveira et al., 2022). This is thought to better maintain 

the trans-sarcolemma [H+]-gradient in a way that facilitates the extrusion of H+ and lactate- via MCT4 

in skeletal muscle. In support of this hypothesis, evidence has consistently shown the use of sodium 
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bicarbonate to attenuate the fall of  pH observed during high intensity exercise (Correia-Oliveira et al., 

2017; Costill et al., 1984; Mildenhall et al., 2023; Nielsen et al., 2002; Stephens et al., 2002), an 

observation not consistently reflected in other post-exercise measures such as blood lactate (Carr, 

Hopkins, et al., 2011). Gastrointestinal (GI) distress is a very commonly reported symptom associated 

with the consumption of alkalising agents (Carr, Slater, et al., 2011). This extends to bloating, abdominal 

pain, nausea and vomiting, all of which have the potential to negatively impact performance (Saunders 

et al., 2014). 

Table 3 presents a series of studies assessing the effect of sodium bicarbonate supplementation on 

performance. All studies included were blinded, utilising a randomised cross-over design, testing 

maximal whole-body exercise performance trials of 1–4 minutes duration in trained athletes. The 

outcome of these, similar to β-alanine, saw a combination of results between results of no significance 

and those with a small improvement of 1-3 %. The nature of these results once again highlights the need 

for meta-research, to often overcome power limitations associated with both small sample sizes and 

marginal performance improvements. The accumulation of studies investigating the ergogenic oral 

sodium bicarbonate reveal very small to small effect sizes when compared to a placebo (ES0.5 = 0.17, 

95% CrI 0.12 – 0.21) de Oliveira et al. (2022). There is general consensus that a 0.3 g/kg dose is optimal, 

with the largest effect size observed in events that last 0.5–10 minutes. The timing of the dose before 

exercise is variable between 90 and 225 minutes (de Oliveira et al., 2020), likely due to the variable 

nature of blood acid-base balance in response to a given dose (Boegman et al., 2020). de Olivera and 

Colleagues note that this effect is reliant on multiple potential moderating factors. This once again 

includes exercise type, favouring open ended capacity tests and any form of prior exercise and repeated 

bouts over that of a single one (de Oliveira et al., 2022).  
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Table 3. Studies investigating acute sodium bicarbonate supplementation and performance. Studies were limited to maximal 

whole-body exercise within 1–4 Minutes, within specifically trained athletes. All studies implemented a blinded and 

randomised cross-over design. 

Study Pop. Sample Dose & Duration 
Sport and 

Performance Test 

Main Findings  

(Mean Change ± SD) 

Driller et al.  

2012 

8 cyclists 

8 ± 8 years 

0.3 g/kg 

60+30 min prior 

4 min Cycle  ↑ 1.4 % in power output (p > .05) 

Lindh et al.  

2008 

9 Swimmers 

20 ± 2 years 

0.3 g/kg 

30+60 min prior 

200m Swim ↓ 3.2 ± 1.3 % in 200m time (p < .05) 

Painelli et al.  

2013 

7 swimmers 

21 ± 3 years 

0.3 g/kg 

90 min prior 

100m Swim TT 

200 Swim TT 

↓ 2.6 ± 3.2 % in 100m time (p = .02) 

↓ 1.4 ± 0.8 % in 200m time (p < .01)  

Pruscino et al.  

2008 

6 swimmers  
? years 

0.3 g/kg 
90+30 min prior 

200m Swim TT 1.2 ± 1.4 % improvement (p = .06) 

Thomas et al.  

2016 

11 Cyclists  

25 ± 3 years 

0.3 g/kg 

90 min prior 

70s Cycle ↑ 2.7 ± NA % in average power (p < .05) 

Tiryaki & Atterbom,  

1995 

15 runners 

22 ± 3 years 

0.3 g/kg 

5+150 min prior 

600m Run TT ↓ 1.9 ± 2 % in time (p > .05) 

Van Montfoort et al.  

2004 

15 Runners 

31 ± 3 years 

0.3 g/kg 

90 min prior 

Supramaximal 

Running  

↑ 2.7 ± 2% in TTE (p < .05) 

Voskamp et al.  

2020 

32 Cyclists  

28 ± 7 years 

0.3 g/kg 

150 min prior 

2km Cycle TT ↓ 0.2 ± 0.5% in time (p > .05) 

 

Wilkes et al.  

1983 

6 Runners 
Varsity 

0.3 g/kg 
120+30 min prior 

800m Run TT ↓ 1.8 ± 0.7% in time (p < 0.05) 

TTE = Time to Exhaustion , TWD = Total work done, TT = Time trial, NA = Not Available 

 

Novel Concepts: Transcutaneous/Topical Delivery 

While current best practice within high performance systems commonly leans on the use of oral β-

Alanine and sodium bicarbonate as ergogenic tools to increase buffer capacity and performance, this 

does not mean the exploration of alternative avenues and pathways have been ignored. The oral pathway 

typically requires the repeated ingestion of a powder reliant on the adherence of an athlete, absorption 

capacity and tolerance of the gut along-side the associated effects of bloating, nausea and paraesthesia 

(Grgic, Grgic, et al., 2021) These practical challenges and potential side-effects has led to the 

exploration of other delivery methods. Recently, topical delivery, a method favoured for its 

convenience, lack of pain and gut discomfort  through application to the skin has gained interest 

(Prausnitz et al., 2004). 

 

Topical Sodium Bicarbonate: PR Lotion® 

In the past decade this exploration of alternative delivery systems led to the release of products such as 

PR Lotion® (Amp Human Performance, Park City, UT), one of the most commonly known products 

based upon the transcutaneous delivery of sodium bicarbonate to the blood. The main principle of this 
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being the ability to more frequently and effectively utilise its performance enhancing benefits, without 

the undue GI distress that could potentially ruin a performance. 

To date, a small number of studies have investigated the effect of topical sodium bicarbonate on blood 

pH and performance outcomes (Table 4). For example, McKay et al. (2020) reported no change in pH 

when compared to a placebo, and significantly less than the change observed after oral bicarbonate 

supplementation. This apparent no effect of topical bicarbonate on pH was a consistent finding among 

most studies. Two studies by Gurton and colleagues (Gurton et al., 2023; Gurton, Gough, et al., 2024)  

found no difference between that of the lotion and placebo, all while oral delivery proved to drive 

measurable change. Gibson et al. (2023) appears to be the only study where a change in both 

intramuscular (~0.13) and serum (~0.04) pH, using intramuscular dialysate, was observed. However, 

the structure of these analyses relied on within group comparisons with no between group comparisons 

and a notably small sample size (n = 9, n = 4).  

Performance measures were taken in three of the four studies described. McKay et al. (2020) saw the 2 

unique comparisons made. The first of which revealed no difference in performance capacity test 

between an oral vs topical delivery and the second of which saw no difference in repeated Wingate 

effort power between bicarbonate and placebo gels. Gurton et al. (2023) saw a small improvement in 

average sprint time during short (25m) sprint intervals with limited recovery (25s), however this 

improvement was not maintained in a subsequent Yo-Yo IR2 test of which there was no difference 

improvement over the placebo group. Gurton et al. (2024) took a slightly difference approach 

investigating a range of performance measures across a soccer-specific match simulation. This once 

again supported similar findings in that oral sodium bicarbonate was able to generate differences while 

the topical lotion was not. 

 

Table 4. Studies investigating topical sodium bicarbonate supplementation and performance. All studies implemented a blinded 

and randomised cross-over design. *Significant difference over placebo group. 

Study Pop. Sample Dose & Duration 
Sport and Performance 

Test 
Main Findings  

McKay et al. 

2020  

10 cyclists or 

triathletes 

No age given 

0.9036 g/kg  

30 min prior 

3 × 30-s maximal sprints 

with 90-s recovery 

= pH pre-exercise 

= mean power (p = .108)  

= peak power (p = .448)  

= peak BLa (NR) 

Gurton et al. 

2023 

14 rec. trained men 

27 ± 6 years 

 

0.9036 g/kg  

120 min prior 

Yo-Yo IR2 Test 

8 × 25 m sprint Test 

 

= pH pre-exercise 

↑ I7% distance for Yo-Yo (p = .084) 

↓ 2% sprint time (p = .36, d = 0.34 ) 

Lower RPE after some sprints* 

Gurton et al. 

2024 

10 male soccer 

players 

24 ± 3 years 

0.9036 g/kg 

120 min prior 

8 × 25 m sprints  

Throughout a soccer-

specific (SAFT90) test 

= pH pre-exercise 

= fastest sprint time (p = .206 )  

= average sprint times (p = .123) 
Lower RPE’s after first block 

NR = not reported, BLa = Blood lactate, RPE = rate of perceived exertion 
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Topical Carnosine 

The topical application of L-carnosine in a commercially available product called LactiGoTM has 

recently sparked interest as an alternative way of delivery carnosine to muscle with the goal of improved 

performance. Since entering the market in 2017 it has existed as the only commercially available 

product that promises to make use of this potential pathway. In short, it is a glycerine-based carrier gel 

that consists of a patented carnosine-magnesium complex that is reportedly designed to deliver a 150 

mg dose of carnosine per 10 mL of gel. This complex was tested in-house by Dissette and colleagues 

who used a reconstructed 3D model of the human epidermis (MatTek In Vitro Life Science Laboratories, 

Bratislava, Slovak Republic). Here they demonstrated that free carnosine was able to traverse the 

epidermal model, and that the proprietary carnosine-magnesium complex was able to improve this 

delivery capacity by up to 60% (Dissette et al., 2018). It is important to note however that this was in a 

model and theoretical absorption was taken over a period of 24 and 48 hours. Subsequently, Dieter et 

al. (2021) assessed the ability of this product to alter carnosine concentrations in equine skeletal muscle 

showing that a 60mL dose delivered to a notably small 25 cm2 section of the gluteal muscle induced 

significant changes in muscle carnosine concentration 30  and 60 minutes post application at 35 and 

46% respectively. This observation was made in tissue that has skin properties similar to human such 

as thickness and innervation however, it should be noted that equine muscle often has a different fibre 

type distribution, which may skew the ability to observe comparable change. 

To date, there appear to have been only 3 published papers (Beaven et al., 2025; Harnish & Miller, 

2023; Sharpe & Macias, 2016) that have reported on the use of LactiGoTM within a human performance 

context. The first study by Sharpe & Macias (2016), written in-house, investigated the effect of 

LactiGoTM (10 mL ) on Yo-Yo test performance and all-out 3 x 1000m run performance in footballers.  

An ~4% improvement in distance covered in the Yo-Yo test (p = .069) and average 1000m time (p = 

.036, d = 0.812) was observed. There are some obvious limitations to the study with an ordered and 

unblinded experimental design adopted which could have implications on participant perception and 

order-effects. Also, interestingly, Sharpe & Macias (2016) reported these comparisons between NC (no 

cream) and WC+LG (warm-up cream + LactiGoTM) rather than comparing WC+LG to WC (warm-up 

cream) alone for a more valid comparison of effects. More recently, Harnish & Miller (2023) took a 

similar approach, though with a more robust, randomised and blinded, placebo design. They 

investigated the effect of the same absolute dose on Wingate power across 5 sprints in trained cyclists. 

However, in contrast to the positive outcomes reported by Sharpe & Macias (2016) showed no 

significant difference in 15 s power, 30 s power, peak lactate and total work done was observed 

following topical application. Finally, work by Beaven et al. (2025) took a combined approach 

investigating the effect of LactiGoTM on Olympic-level rugby seven’s players. Athletes completed a set 
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of intervals each at a set workload (3 W/kg) before completing a 6 s max effort, repeated 12 times on 

30 s rest. The topical carnosine condition produced a higher average peak power compared to placebo; 

however, the difference was only deemed significant (p < .05 ) for 3 of the 12 repetitions and no effect 

of condition on heart rate and rating of perceived exertion was observed, suggesting effects were 

minimal. These studies have begun to shape our understanding of the impact that topical application of 

carnosine might have however there is certainly room for further studies with alternative approaches. 

No studies have investigated it’s effect in a single race-like continuous, maximal bout where metabolic 

acidosis is significant (Cairns & Lindinger, 2025), nor have any investigated the belief effect associated 

with the topical application of such a product. This establishes a need for further research to help better 

understand the effect of such a product on performance. 

 

Table 5. Studies investigating topical carnosine gel (LactiGoTM) supplementation and performance. All studies implemented a 

blinded and randomised cross-over design except that of Sharpe & Macias as noted. *Significant difference over placebo 

group. 

Study Pop. Sample Dose & Duration 
Sport and 

Performance Test 
Main Findings  

Sharpe & Macias 

2016 

11 Soccer players 

22 ± 2 years 

10ml arms, legs, 

torso  

45 min prior 

 

Yo-Yo IR1  

(~ 7-8 min) 

 

3 x 1000m run 

(~ 12 min) 

↑ 1% distance for Yo-Yo (p = .066, no e.s.) 

↓ 4% time for 3x1 km (p = .036, no e.s.)  

 

Note: control reference trial was no-product, 

unblinded and subject to order effect. 

Harnish & Miller  

2023 

15 Cyclists 

18-50 years 

10ml thigh, calves, 

glutes 60m prior 

 

Cycle ergometer: 

5 x 30s Wingate / 5m 

active recovery 

 

↓ 2% mean power (p = .81, ω2 < 0.01) 

= mean power (p = .56, ω2 = 0.01) 

↑ 6% peak lactate (p = .41, ω2 = 0.02) 

 
Note: tested menthol effect too 

Beaven et al.  

2025 

8 Rugby 7s 

players 

30 ± 4 years 

10mL thighs, calves  

45 min prior  

 

Cycle ergometer: 

12 x 24s (3 W/kg) + 6s 

max / 30s rest 

↑ 8.5% peak power (p < .01, d = 0.78)* 

= average 6s power (p > .05) 

 
No effect on HR or RPE (p > .05) 

 

Belief Theory and its Relevance to Sport Supplement Research 

The placebo or nocebo effect is a psychobiological response to a purported treatment, and has been 

shown to influence outcomes in a sport performance context (Beedie et al., 2018; Hurst et al., 2017). A 

placebo treatment is traditionally administered within randomised controlled trial to control for the 

"real" or “true” effects of the treatment that is under investigation. Despite this intentional choice of 

design, many studies follow common ethical practice that reveals this trial structure to participants 

before engaging in the research. This leaves the participant “unknown” to which treatment they are 

receiving, however leaves the opportunity for them to guess and introduce a belief effect. This belief in 

what one thinks has been received has proven to modulate outcome measures such as power output 

during cycling, from approximately -2 to 10 % with large effect sizes up to d = 0.8 (Hurst et al., 2020), 

predominantly in studies that used caffeine supplementation - one of the most known researched 
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ergogenic aids in sport. Another moderator of effects exists in the administration route or mode of 

delivery, with comparisons being made among clinical interventions (Buergler et al., 2023), however 

this is yet to be demonstrated clearly among sporting populations in the context of athletic performance. 

When investigated in the context of buffer based ergogenic aids such as β-Alanine and sodium 

bicarbonate, the placebo effect appears to be much smaller at -1 to 3 % with effect closer to d = 0.14 

(Bellinger & Minahan, 2016b; McClung & Collins, 2007). It appears that one of the largest modulators 

when it comes to this observable effect is what an individual has been told. In a paper by De La Vega 

et al. (2017), three different groups all received a placebo, while being told that they received a 

supplement that either (1) “would improve performance”,(2) “may or may not improve performance” 

or (3) “would not affect performance”. The outcomes of this study showed a clear improvement in group 

one ( 5.9%, d = 0.28 ) with no clear difference across the other two groups. Given that effect sizes larger 

than d = 0.2 are suggested to be beneficial for athletes (Hopkins et al., 1999), there is certainly an 

argument to be made for the continued investigation of the placebo effect in sports supplementation for 

performance. It also highlights the potential need to manipulate participant belief in order remove 

potential biases and gain a more accurate understanding of both the placebo and “true” effects. There 

appears to be no published research on the belief effects relating to topical carnosine in sport contexts. 

 

Summary 

The evidence presented throughout this review highlights the potential role of hydrogen ion 

accumulation during high intensity exercise and the importance of endogenous short-term buffering 

systems in maintaining function in skeletal muscle. Compounds like β-alanine and sodium bicarbonate, 

delivered orally, have demonstrated small benefits that justifies their use, particularly in exercise lasting 

between 1 and 10 minutes. However, challenges such as gastrointestinal distress (bicarbonate) or dosing 

adherence (β-alanine) limit their practical utility in some populations.  

Emerging interest in transcutaneous or topical delivery offers a novel approach, potentially 

circumventing some limitations of oral routes. Products like PR Lotion® (topical bicarbonate) and 

LactiGo™ (topical carnosine) have gained traction as accessible alternatives. However, current human 

performance trials provide limited and inconsistent evidence for meaningful ergogenic effects. 

Furthermore, many such studies are plagued by small sample sizes, something that isn’t new in sport 

supplementation research, however its means that meaningful conclusions will likely be reliant on the 

cumulative outcomes and meta-research.  

A critical and often underappreciated aspect of sports supplementation research is the influence of 

belief. The placebo effect can modulate outcomes meaningfully, though it appears smaller in buffering 

agents compared to stimulants like caffeine. Importantly, the way information is framed to participants 
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(i.e., expectancy manipulation) may be as influential as the intervention itself. This raises the need for 

more placebo-oriented study designs that aim measure both physiological and psychological (belief-

based) effects while also mitigating the effect of participant bias on outcomes. 

Given the small number of studies on topical carnosine in humans, especially under blinded and 

controlled conditions, there is a clear gap in the literature. This gap is particularly relevant to middle-

distance race events that place athletes squarely within the severe exercise domain, where buffering 

capacity is critical to performance. Thus, the present thesis seeks to address this gap by investigating 

the effects of topically applied carnosine on 800m running performance, contributing novel insights 

into both the physiological and perceptual domains of ergogenic supplementation. 
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Chapter 3: The Effects of Topical Carnosine Application on Running 

Performance in Trained Middle-Distance Athletes 

 

Introduction 

The Challenge of High Intensity Exercise 

Understanding the determinants of middle-distance running events is complex given the role of 

physiological, biomechanical, and tactical factors, all of which can contribute in a variety of manors to 

produce a given performance (Bellinger et al., 2021; Sandford & Stellingwerff, 2019). Middle-distance 

events are performed in the severe to extreme intensity domain, characterised by large metabolic 

disturbances that negatively impact muscle function and subsequent performance capacity (Cairns & 

Lindinger, 2025). These disturbances include the increased accumulation of reaction oxygen species 

(ROS) and lactate along with the progressive reduction in pH (Cairns & Lindinger, 2025; Hermansen 

& Osnes, 1972; Juel et al., 1990). The accumulation of hydrogen ions negatively impacts muscle 

contractile function through the reduction of contraction velocity, relaxation time, and calcium 

sensitivity (Nelson et al., 2014; Nelson & Fitts, 2014; Unger & Debold, 2019; Wolosker et al., 1997), 

and metabolic function through the inhibition of key glycolytic enzymes such as glycogen 

phosphorylase and PFK (Dobson et al., 1986; Hollidge-Horvat et al., 1999; Parolin et al., 1999). These 

changes may appear small (<10%) however are still large enough to limit whole body performance and 

alter outcomes in high-level sporting competition  (Hultman et al., 1985; Kowalchuk et al., 1984; 

Sprague & Mann, 1983; Sutton et al., 1981). Given the potential role of metabolic acidosis in muscle 

fatigue during severe to extreme-intensity exercise, such as middle-distance running, researchers have 

explored the augmentation and manipulation of proton accepting compounds such as bicarbonate and 

carnosine in an attempt to mitigate reductions in pH and improve physical performance.  

 

The Role of Carnosine in Muscle Physiology 

Carnosine (β-alanyl-L-histidine) is a dipeptide molecule found in relatively high concentrations in 

excitable tissues such as the brain and skeletal muscle (Davey, 1960; Drozak et al., 2010b; Hill et al., 

2007; Smith, 1938).  In skeletal muscle, carnosine is one of the most abundant small compounds 

alongside phosphocreatine, creatine and ATP (Harris et al., 1974), with greater concentrations found in 

glycolytic (type II) over oxidative (type I) fibres (Harris et al., 1998; Hill et al., 2007). Carnosine is 

synthesised through the combination of β-Alanine and L-Histidine and is notably dependant on the 

availability of the former through dietary intake (Harris et al., 2006). Carnosine buffers the 

accumulation of H+ to maintain cellular pH (Dunnett & Harris, 1997; Harris et al., 1990), acts as an 
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antioxidant (Boldyrev et al., 1987; Klebanov et al., 1998), and regulates of myosin ATPase/Ca2+ 

sensitivity (Dutka & Lamb, 2004; Lamont & Miller, 1992; Parker & Ring, 1970). These are cellular 

functions relied upon to maintain homeostatic function, highlighting the important implications of 

carnosine during large metabolic disturbances such as those observed during exercise in the 

severe/extreme domain. 

 

β-Alanine Supplementation and Performance 

As β-Alanine is a limiting factor in carnosine synthesis, oral β-Alanine ingestion has been a key focus 

in sports supplementation research since the early 2000s. Oral β-Alanine ingestion can increase skeletal 

muscle carnosine content by ~55%, with responses ranging from 15- 80% over 8-9 weeks (Baguet et 

al., 2009; Hill et al., 2007). The impact of oral β-Alanine on performance has been investigated across 

a variety of dosing strategies and performance measures revealing small to moderate effect sizes during 

maximal exercise from 1-10 minutes (Georgiou et al., 2024; Saunders, Elliott-Sale, et al., 2017). The 

largest effects have been observed over dosing protocols that deliver 4-6 g over  4+ weeks (Trexler et 

al., 2015). While β-alanine supplementation remains an established method for elevating intramuscular 

carnosine concentrations, emerging approaches such as transdermal delivery aim to bypass limitations 

of oral dosing and paraesthesia to provide more targeted, rapid ergogenic effects.  

 

Topical Carnosine 

Topical L-carnosine application is an alternative strategy used to increase skeletal muscle carnosine 

content evident in the emergence of commercially available products such as LactiGoTM (LactiGo Inc., 

Las Vegas Nevada). The delivery of carnosine via topical application to skeletal muscle has been 

demonstrated in small sections of gluteal, equine muscle (Dieter et al., 2021) with increases in muscular 

carnosine of up to 46 % over a period of 40 – 60 minutes. While no human data exists, the impact of 

this product has been investigated in a small handful of papers in humans each with a unique application 

of high-intensity exercise. For example, Sharpe & Macias (2016) investigated Yo-Yo IR and a 3 x 

1000m run performance in footballers, reporting a 4 %  difference in average 1000m run time. More 

recently, Harnish & Miller (2023) investigated repeated Wingate performance and reported only small 

effects of topical carnosine in mean sprint interval power and peak blood lactate in trained cyclists. 

Similarly, Beaven et al. (2025) reported 8.5 % improvements in peak power (p < .01, d = 0.78) but not 

mean (6 s) sprint power during high-intensity cycle-ergometer trial designed to match the demands of 

a rugby 7s match. However, no studies have investigated it’s effect in a single race-like continuous, 

maximal bout where metabolic acidosis is significant (Cairns & Lindinger, 2025), nor have any 

investigated the belief effect associated with the topical application of such a product, and finally no 
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studies have investigated the effect of such as product on differential RPE, discriminating between 

muscular and respiratory fatigue. 

Therefore, the aim of this study was to investigate the  effects of application of a topical carnosine gel 

on 800m time-trial performance and peak lactate response in trained middle-distance runners. The 

secondary aim was to assess the belief effect of topical carnosine, while investigating the effect of both 

placebo and carnosine containing gels on differential RPE. It was hypothesised that topical carnosine 

would improve 800m time trial performance, reducing overall 800m time and increase the peak lactate 

response due to improved buffering capacity.  

 

Methods 

Participants 

Sixteen trained runners were recruited to take part in this investigation (9 males, 7 females; age 25 ± 5 

years; height, 177 ± 7 cm; mass, 67 ± 6 kg; BMI 21 ± 1.2 kg/m2). All participants were free of illness 

and musculoskeletal injury (>3 months) and had a self-reported time that met one of the three middle-

distance performance standards listed in Table 6.. The study was conducted in the late-competitive and 

early-off season. In the 12 weeks preceding the study, self-reported training duration was 8.3 ± 3.2 

h/week, and training volume 59 ± 33 km/week. Individuals were excluded if they had supplemented 

with β-alanine in the previous four weeks (Baguet et al., 2009).  All participants completed a general 

health screening and provided written informed consent. This study was performed in accordance with 

the standards of the Declaration of Helsinki, 2013, and the Auckland University of Technology Ethics 

Committee approved all procedures (24/27). 

 

Sample Size 

Our a priori sample size calculation conducted on G*Power (version 3.1, University Kiel, Germany) 

revealed that a sample size of 18 participants was needed to provide adequate power to detect a small 

effect size of 0.25 (Sullivan & Feinn, 2012). This calculation was based on the use of a repeated 

measures ANOVA (α = .05, 1- β = 0.8, 1 x 3, correlation among repeated measures = 0.7, ε = 1). 17 

participants completed all three trials, while one participant had one of their trials discarded due to not 

meeting the pre-trial conditions, the data from their remaining two trials were included in analysis. The 

ability to recruit and complete data collection with more participants was limited by timelines 

established for the degree in which the thesis was submitted.   
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Table 6. Performance standard. The minimum (self-reported) performance standards required within the past 24 months to 

qualify for participation. World Athletics Standard (WAS) was taken from standard released for World Athletics 

Championships, Tokyo 2025. 

Event 
Male Female 

Standard WAS % Standard WAS % 

800m 02:15.0 01:44.50 70.8 02:30.0 1:59.00 73.9 

1500m 04:30.0 03:33.00 73.2 05:00.0 4:01.00 75.4 

3000m 10:00.0 - - 11:00.0 - - 

 

Study Design 

The study adopted a block-randomised, single-blind, crossover design with three experimental trials: a 

no-gel trial (NG), an informed carnosine, given placebo gel trial (PG) and an informed carnosine, given 

carnosine gel trial (CG). Participants performed three outdoor running performance trials each trial was 

7 ± 5 days apart, having refrained from high-intensity exercise in the previous 24 hours. Participants 

were instructed to maintain a similar diet 24h prior to each performance trial and abstain from caffeine 

ingestion 12 hours prior.  

 

 

Figure 1. Experimental design. The experimental design and data collection timeline, including product application timing 

and key measurements relative to the 800m time-trial. Negative time values indicate time pre-trial, positive indicates time post-

trial. 
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Supplement Delivery 

On two of the three trials (PG and CG), one hour prior to the performance trial and under supervision, 

participants applied 0.2 mL/kg (bw) of unlabelled gel to their own upper and lower legs. The PG and 

CG gel were indistinguishable having been produced by the same manufacturer (LactiGoTM), with PG 

containing the same as CG except no carnosine. No gels used contained menthol to avoid any analgesic 

or interactive effects (Barwood et al., 2020). Participants were intentionally informed that both trials 

using gel contained the active carnosine ingredient. This was to minimise the effect of subconscious 

bias on the belief/psychological effect of the supplement (Saunders, De Oliveira, et al., 2017). 

Participants were informed of the deception and structure of the trials after completion and were given 

the opportunity to withdraw their data.  

 

Running Performance 

Participants completed an 800m individual running performance time trial in each of the three trial 

conditions. All trials were performed on an outdoor all-weather track. Environmental conditions were 

sampled for the duration of each trial using a portable weather station (Kestrel 5400 WBGT Heat Stress 

Tracker) on a rotating vane mount. Mean wind, temperature, humidity and barometric pressure values 

were recorded for each trial. Participants were instructed to wear the same footwear across all trials. 

Prior to each trial, a self-selected warm-up was completed which was repeated during each subsequent 

trial for consistency. Time and split data were collected using a single set of Vald Smart Speed Plus 

Photocell lights placed at the start/finish line at a set (torso) height. Trials were self-started from a static 

position directly behind the lights. A camera (Sony A6100, 24fps) was also used at the finish line as an 

alternative measure of time to completion in-case of technical malfunction in the photocell unit. Times 

were defined using manual frame selection of the moment at which the participants torso crossed the 

physical tripod holding the photocell unit. Values were recorded as t400 and t800 (s). For pacing insights, 

the split difference between first and second lap times was calculated as: second lap - first lap (s). 

Within-participant averages and standard deviations were determined for calculation of coefficient of 

variability (CV%) between trials. 

 

Physiological Measures 

Capillary blood lactate concentration was measured from the fingertip prior to product application, prior 

to time trial initiation (post-warm up), and then 3-, 4- and 5-min post-trial (Gupta et al., 2021) using a 

handheld analyser (Arkray Lactate Pro 2 (LT-1730)). The peak blood lactate concentration (BLapeak) 

was defined as the maximum value obtained post-test. Heart rate was captured for the duration of the 

trial (Polar H10), and peak HR was recorded. 
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Perceptual Measures 

Perceived readiness was assessed prior to the initiation of the 800m trial using a 1-10 scale where: 1 

(not ready at all to deliver a max effort) to 10 (extremely ready to deliver a max effort) (Ingham et al., 

2013). Differential RPE was recorded 1 min-post trial (CR100) to assess overall, respiratory and 

muscular effort (McLaren et al., 2017).  

 

Statistical Analysis 

Data are expressed mean ± standard deviation unless otherwise stated. Data analysis was conducted in 

JASP (Version 0.19.3). Visual inspection of the Q-Q plot indicated that residuals were approximately 

normally distributed, supporting the assumption of normality. Mauchly’s test indicated that the 

assumption of sphericity was not violated. Therefore, uncorrected values are reported. Variables were 

entered into a linear mixed model on JASP and differences between groups (conditions) were analysed 

according to each outcome measure (800m time, split difference, peak heart rate, peak lactate and RPE). 

Trial condition (NG, PG, CG) and trial order (1-3) were included as fixed effects variables and 

participant as a random effects grouping factors. Overall, fixed effects were analysed and when 

appropriate, contrasts were used to make comparison between two groups at a time. The belief or 

placebo effect is referenced in comparisons between NG and PG trials. The true or physiological effect 

is referenced in comparisons between PG and CG trials. The combined effect is referenced in 

comparisons made between NG and CG trials. Statistical significance was inferred when p ≤ .05. 

Cohen’s d effect sizes were calculated using outputs from the linear mixed models. All variability 

statistics were calculated and reported as within-participant values. 

 

Results 

Environmental conditions were recorded during each outdoor time trial to account for potential 

performance influences. Values are expressed as a total range (within-participant mean ± SD). 

Temperature ranged from 10.4 - 22.8°C (16.5 ± 2.35), with wind speeds between 0 - 2.37 ms-1 (0.8 ± 

0.47). Humidity ranged from 67.3 to 100 % (91.83 ± 6.67) with barometric pressure between 1007.4 

and 1034.00 mmHg (1021.63 ± 5.52). No trials were conducted under heavy rain however the track 

surface was often wet from overnight rain.  
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Performance and Pacing 

There was no overall effect of condition (F(2, 27.03) = 1.349, p = .276) or order (F(2, 27.03) = 0.307, 

p = .738) on 800m time, all contrasts made between conditions revealed no significant differences (p > 

.05). There was also no overall effect of condition on split difference (F(2, 25.18) = 0.902, p = .419). 

There was an overall effect of trial order on split difference F(2, 25.15) = 4.307, p = .025). 

 

Figure 2. 800m Time. Mean (± standard deviation) 800m 

running performance time following application of a No gel 

(NG), Placebo gel (PG) and Carnosine containing gel (CG). 

There was no effect of condition or order (p > .05), indicating 

no difference in performance across trials. 

 

Figure 3. Pace Split. Mean (± standard deviation) lap split 

difference following application of a No gel (NG), Placebo 

gel (PG) and Carnosine containing gel (CG) prior to a 

800m running performance time-trial. Calculated as: 

second lap – first (s). There was no effect of condition (p > 

.05), there was an effect of order † (p < .05). 

 

Physiological Measures 

There was no overall effect of condition (F(2, 27.26) = 0.894, p = .421) or order (F(2, 27.26) = 0.045, 

p = .956) on the peak heart rate recorded during trials, all contrasts made between conditions revealed 

no significant differences (p > .05). There was an overall effect of condition on peak blood lactate (F(2, 

27.15) = 4.038, p = .029) with contrasts between groups revealing a significant difference between NG 

and CG trials (p = .017) with a moderate effect size  (d = 0.45). The comparison between NG and PG 

trials was insignificant (p = .420, d = 0.13), so to was that between PG and CG (p = .114, d = 0.31). 

There was also no effect of order (F(2, 27.15) = 0.498, p = .613) on peak blood lactate. 
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Figure 4. Peak heart rate (bpm). Mean (± standard 

deviation) Peak HR during an 800m time trial following 

topical application of No gel (NG) Placebo gel (PG) and 

Carnosine gel (CG) trial. There was no effect of condition 

or order (p > .05), indicating no difference in performance 

across trials. 

 

Figure 5. . Peak blood lactate concentration (mmol/L). Mean 

(± standard deviation) Peak BLa post 800m time trial 

following topical application of No gel (NG) Placebo gel 

(PG) and Carnosine gel (CG) trial. There was no effect of 

order (p > .05). There was an overall effect of condition (p < 

.05)* 

 

Perceptual Measures 

There was no overall effect of condition (F(2, 26.83) = 0.218, p = .644) or order (F(2, 26.83) = 0.218, 

p = .805) on perceived readiness, all contrasts made between conditions revealed no difference(s) of 

significance (p > .05). There was also no overall effect of condition on overall (F(2, 27.16) = 0.116, p 

= .891), respiratory (F(2, 27.22) = 0.215, p = .808) or muscular (F(2, 27.59) = 0.921, p = .410) RPE 

recorded post time-trial. There was no overall effect of order on any of these measures (p > .05).  

 

Figure 6. Perceived Readiness. Mean (± standard 

deviation) readiness rated pre time-trial  using a 1-10 

scale under No gel (NG), Placebo gel (PG) and Carnosine 

gel (CG) conditions. There was no effect of condition or 

order (p > .05), indicating no difference in perceived 

readiness across trials. 

 

Figure 7. Differential RPE. Mean (± standard deviation) 

readiness rated post 800m time-trial using a CR100 scale 

under No gel (NG), Placebo gel (PG) and Carnosine gel (CG) 

conditions. There was no effect of condition or order (p > .05), 

indicating no difference in overall, respiratory and muscular 

RPE across trials.  
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Discussion 

The primary aim of this study was to determine the ergogenic effect of a single dose of topical carnosine 

gel on 800m running performance. We hypothesised that the application of topical carnosine would 

improve 800m run time and cause a greater peak lactate post time-trial than that of a placebo due to 

improved buffering. Our primary observations were that the topical application of carnosine gel did not 

improve 800m time-trial performance when compared to a placebo gel but increased post-trial blood 

lactate in some trials. Our secondary observations where that the application of a placebo gel did not 

improve performance when compared to that of no gel. These data suggest that despite an altered 

physiological response in some, the belief and true physiological effects of topical carnosine were 

insufficient to alter 800m performance outcomes in this study. 

 

Performance 

Similar to previous findings involving topical applications of carnosine (Beaven et al., 2025; Harnish 

& Miller, 2023; Sharpe & Macias, 2016) the current study did not observe a true physiological or 

placebo effect on performance enhancement (Figure 2). Differences presented between conditions were 

very small presenting a difference in marginal means of 0.21 s, 0.15 % (PG-CG), 0.95s, 0.70 % (NG-

CG) and 1.16s (0.85 %). These observations of insignificant differences are in line with the current, 

observations bar a few specific outcomes noted by Sharpe et al. (2016) and Beaven et al. (2025). The 

first of these by Sharpe et al. (2016) saw a 4 % improvement in distance covered over a 3×1000 m run 

however failed to compared randomise trials and make a comparison to a blinded placebo group. The 

second by Beaven et al. (2025) saw 8.5 % average improvement in peak power across 12x6 s sprint 

efforts within high-intensity intervals. With that said, the mean 6s power by Beaven et al. (2025), and 

the Wingate performance (both peak and mean power) by Harnish & Miller (2023) all fail to drive 

changes greater than that of their placebo controls. Comparisons to other studies investigating the effect 

of β-alanine and sodium bicarbonate on 800m performance see a rather large discrepancy, with Ducker 

et al. (2013)and Wilkes et al. (1983) both seeing an approximate 2 % improvement in time in with 

statistical significance (p < 0.05)  

As mentioned, the placebo effect as measured by the difference between NG and PG trials, although 

insignificant, was actually larger than the true, physiological effect. At a 0.70% improvement this 

presented as a very small effect size of d = 0.1, in line with magnitudes and observations of De La Vega 

et al. (2017) and Hurst et al. (2017). Beyond the potential placebo effect, it is also important to consider 

the influence of test structure on measures of performance. Currell & Jeukendrup (2008) founds that 

performance tests such as those used in this study, typically exhibit greater variability than exercise 

capacity tests (CV = 1.2% and 0.6% respectively). This aligns with observations made as the estimated 
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effect sizes consistently appear larger when capacity tests are used for both oral  β-alanine and sodium 

bicarbonate (de Oliveira et al., 2022; Georgiou et al., 2024; Saunders, Elliott-Sale, et al., 2017). In the 

search for likely very small to small effect sizes, this design choice may have played a role in increasing 

variability such that the presence of a significant difference was masked and it is almost certain that 

more studies would be needed to detect an effect if present, whether it is due to the belief or true effect 

of the supplement. 

In the present study, an outdoor performance trial was performed rather than attempting to simulate 

performance using laboratory-based time trials due to better ecological validity (Peserico & Machado, 

2014). It is acknowledged that testing on an indoor track where conditions are more stable, particularly 

that of wind, would be preferable. However, our monitoring of daily environmental conditions to ensure 

that weather remained within acceptable ranges meant that it is unlikely that the environmental 

conditions played significant role in influencing any outcome measures. 

 

Lactate 

Severe-to-extreme intensity ‘middle-distance’ events are synonymous with a high glycolytic energy 

production (REF) and reduction in pH (REF). In support, blood lactate concentration peaked at 15.7 ± 

3.3 mmol indicative of significant use of the glycolytic pathway. The peak blood lactate was observed 

3.9 ± 0.9 minutes post-time trial, which reinforces the selection of our multiple post-trial measurement 

points, which is in line with observations made previously (Watanabe et al., 2024). In the present study, 

there was an overall effect of trial condition on peak lactate (p = .029) with the only difference observed 

between NG and CG (p = .017, d = 0.451) conditions (Figure 5). This observation means that there was 

no statistical difference between carnosine (CG) and placebo groups (p = .114, d = 0.31). This is 

consistent with the study by Harnish & Miller (2023) who similarly saw no significant change (p > .05) 

in peak lactate after repeated Wingate efforts with LactiGoTM application. Insignificance aside, the 

overall effect observed in this study alongside the moderate effect sizes of 1-1.5 mmol/L observed 

between placebo and carnosine groups in this study (d = 0.31) and Harnish & Miller (ω2 = 0.02 ) suggest 

a possible interaction. 

A possible explanation for the increase in peak lactate is that as the accumulation of H⁺ ions is 

attenuated, the inhibitory stimulus for glycolysis is reduced leading to greater glycolytic flux and 

production of lactate (Sahlin, 1978). Changes in peak lactate after maximal exercise is an observation 

that has been made during specific studies investigating sodium bicarbonate (Hobson et al., 2014) 

however the majority of work that has investigated supplements such as β-alanine and sodium 

bicarbonate have observed changes in performance without observable changes in post-test blood 

lactate (Carr, Hopkins, et al., 2011), bringing its relevance into question. Regardless of this, 1 – 1.5 
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mmol/L increases are likely indicative of underlying change, highlighting the need to further investigate 

more direct measures of metabolism such as blood gases pH or HCO3
-, to understand how this 

compound takes effect during exercise. 

 

Pacing 

Pacing is an important attribute for success in middle-distance running. At the elite level, world records 

have been shown to be run with a characteristic positive split i.e. a second lap slower than the first 

(Casado et al., 2021). Indeed, this is a strategy often naturally adopted during maximum efforts and has 

been confirmed to be advantageous in achieving a faster time over 800m (Bellinger et al. 2021). In the 

present study, it was clear that participants (blinded to pace and time), on average, gave preference to 

this strategy with participants running the first lap 2.5 ± 3.3 s quicker than the second. Notably, there 

was a large amount of variation in this value (CV = 57 %), much more than that of the 800m time itself 

(CV = 1.3 %). This questions the idea that pacing plays such a critical role in 800m time and supports 

the notion of a fixed anaerobic work capacity described within critical speed/power models (Poole et 

al., 2016). 

While there was no effect of trial condition on pacing (p = .276,Figure 3. Pace Split. Mean (± standard 

deviation) lap split difference following application of a No gel (NG), Placebo gel (PG) and Carnosine 

containing gel (CG) prior to a 800m running performance time-trial. Calculated as: second lap – first 

(s). There was no effect of condition (p > .05), there was an effect of order † (p < .05).), there was an 

effect of trial order on pacing (p = .025). The change in split difference through trials (1-3) was not 

unidirectional, moving from +4.0 to +1.5 and then back to +2.3 s, in what may represent some type of 

overadjustment and correction. Regardless of this potential interaction, the block randomised structure 

and use of an LMM made sure that that each effect (condition and order) was examined on its own, 

reinforcing the point that the supplementation did not impact pacing strategy. 

 

Perceptual Measures 

Another important aspect related to enhancing performance is how an ergogenic aid can alter how an 

athlete feels, in particular their perceived readiness to perform. Historically, oral buffer approaches such 

as sodium bicarbonate and sodium citrate have been associated with distinct gastrointestinal response 

(Grgic, Pedisic, et al., 2021), topical delivery offers a way to potentially address this short-coming and 

enhance athletes perceived readiness to perform. However, in this regard, there was no significant 

differences in perceived readiness across trial conditions (Figure 6), a finding that indicates that there 

was no placebo or true-physiological effect on the athletes perceived readiness to perform. Likewise, 

the post-trial differential RPE data indicated no difference between trials, a finding in agreement with 
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the that made by Beaven et al. (2025) as the only carnosine-gel study to present RPE data between 

groups. The use of differential RPE and discrimination of muscular and respiratory RPE appeared to be 

of no additional value compared to overall RPE, maintaining no significant effect of any trial condition 

or order. Future analyses may choose to further investigate the differences nuances of differential RPE 

and it’s practical capacity to discriminate between central and peripheral sources of fatigue through 

using more objective measures such as gas analyses and EMG,  

 

The Placebo Effect 

Finally, it is well accepted that there is a powerful influence of what an athlete believes is performance-

enhancing - an influence that can lead to measurable improvements even in the absence of any 

physiological mechanism. Supplement studies are a case of this phenomenon with clearly demonstrated, 

performance effects, driven entirely by a participants belief (De La Vega et al., 2017). Belief also has 

demonstrated the ability to modulate performance outcomes within traditional placebo-control trial 

designs, with differences in outcome driven by what the individual thinks they have received. The 

experimental design adopted in the present study, which involved deception, allowed for examination 

of belief effects while also minimising the modulation of belief on true, physiological effect. No belief 

effects were observed with an insignificant 0.85% improvement in 800m time between no gel and 

placebo gel trials (p = .429, d = 0.10). This is somewhat in line with observations made by Bellinger & 

Minahan (2016b) who saw an insignificant improvement 1.5% improvement (p = .40, d = 0.17) after 

perceived β-alanine ingestion. It stands in contrast, however, with a similar 1.5% improvement seen by 

McClung & Collins (2007) 1.5% (p < .05, η2 = .355). A key difference between these studies appears 

to be the presence (McClung & Collins, 2007), or absence (Bellinger & Minahan, 2016b) of specific or 

intentional education and information.  

 

Limitations 

While this study provides limited insights into the ergogenic effect, several limitations should be 

considered when interpreting the findings. The sample size was limited by participant availability, with 

only a fraction of the available population meeting the criteria set while also willing to disrupt their own 

training. This limitation may have reduced the power of the study to detect smaller effects (Serdar et 

al., 2021). There was also considerable spacing between trials (up to 28 days), which was far beyond 

the original 10 planned, however it was often the case that weather forced less favourable rescheduling, 

which may have introduced variability in training status or recovery (Hughes et al., 2018). Another 

limitation was the absence of muscle carnosine or blood acid-balance measures. This meant no new 

exploration of LactiGo’s ability to drive changes in carnosine in human muscle while forcing the 
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inference of buffer effects from blood lactate. Lastly, while participants were informed that the gel 

contained an active ingredient, the study did not employ specific expectancy manipulation (e.g., 

explicitly stating it would enhance performance), which may have limited the magnitude of any 

potential belief effect often seen in placebo research (De La Vega et al., 2017). 

 

Conclusion 

In conclusion, the perceived or real effect of applying topical carnosine was unable to drive performance 

improvement over an 800m time-trial performance in trained runners. In the absence of any changes in 

perceived effects prior or during performance trials, it appears there is no negative effects associated 

with the use of topical carnosine. The increased post-test peak lactate concentration between NG and 

CG trials shows some promise that topical carnosine has some buffering properties but there is still little 

known about the capacity of a topical gel such as LactiGoTM to change intramuscular carnosine levels 

and influence glycolytic and buffering processes in muscle. Further trials should look to investigate this 

delivery method and capacity and use alternative testing approaches such as exercise capacity trials 

(both continuous/interval) to reduce variability within performance outcome measures. This will 

hopefully add to the current knowledge base of whether such products can influence physiology and 

performance in middle distance events. 
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Chapter 4: Summary and Future Directions 

 

The primary aim of this study was to determine the ergogenic effect of a single dose of topical carnosine 

gel on 800m running performance. It was hypothesised that the application of topical carnosine would 

result in a reduced 800m run time and a greater post time-trial peak lactate concentration than that of a 

placebo and control trial. Our primary observations were that (i) the topical application of carnosine 

gels did not improve 800m performance over a placebo trial, (ii) the application of a carnosine gels and 

placebo gels did increase post-test blood lactate and (iii) the application of a placebo gel did not improve 

800m performance over a trial without gel. This data suggests that topical carnosine gel may be related 

to an altered physiological response however cannot be linked to changes in stated performance 

outcomes. This chapter will discuss the primary practical applications of this thesis and then future 

recommendations for future research. 

 

Application to Practice 

It has been reported that up to 85 % of athletes routinely use dietary (oral) supplements, 46 % of which 

state is with the intention to enhance their performance (Maughan et al., 2007), either by attempting to 

augment training responses and adaptations, improve recovery from training, and/or improve 

competition-day performance by altering specific physiological pathways related to performance. 

Scientific support of the efficacy of many nutritional supplements is variable, and this can be due to 

study design, supplement dosing regimens, participant characteristics and assessment methods. A 

classification system for performance supplements has been developed by AIS to signal the strength of 

the evidence-base and to guide athletes, coaches and scientists working with athletes (Australian Sports 

Commission). When considering the application, relevance and contribution of the present study’s 

findings to the evidence-base, the wider literature exploring topical carnosine use for performance 

enhancement is also considered. To summarise, there are 2 studies reporting no effect (Harnish & Miller, 

2023, present study) and 2 studies reporting beneficial performance outcomes of topical carnosine in 

athletes (Beaven et al., 2025; Sharpe & Macias, 2016) making it difficult to provide clear 

recommendations for practice. The findings from the present study align with recent work by, Harnish 

& Miller (2023) reinforcing the notion that topical carnosine does not produce a consistent ergogenic 

effect across different performance measures. Notably, this study extends those findings by 

demonstrating that the absence of a meaningful effect also applies to a single bout of continuous high-

intensity exercise, not just repeated-effort protocols (Beaven et al., 2025; Harnish & Miller, 2023; 

Sharpe & Macias, 2016). Given the current limited and inconsistent evidence, topical carnosine gel 

would currently be classified as a Group C (supplements with some evidence of benefit in specific 
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situations, but further research required) or Group D (supplements with limited or no evidence of 

benefit) substance according to the AIS classification system. Further work is required to elaborate on 

the limitations of the current and previous studies approaches to advance practical guidance. Until then 

the choice lies with athletes and coaches to weigh up the potential benefits and risks associated with the 

addition of such a supplement into their event-specific strategies. 

 

Future research directions 

To further advance our understanding of topical carnosine and its potential impact on performance and 

physiology, it is recommended that future studies aim to investigate the effect of specific dosing 

strategies on human muscle invitro while also using alternative assessment methods. 

To date, the only study that has attempted to quantify the effects of topical application on intramuscular 

carnosine was Dieter et al. (2021) in equine muscle. While promising outcomes were reported (up to 

76% increase in carnosine 60 min following application, compared to placebo), a fairly large 

discrepancy between the context in which this was demonstrated (equine model) and the context in 

which it is sold and primarily promoted for us (human athletes). For this reason, future research should 

look to quantify changes in intramuscular carnosine levels following topical application of varying 

doses, using similar methods to that reported by Dieter and colleagues. This may be an opportunity to 

investigate the magnitude and time course of carnosine changes (appearance and disappearance rates) 

in human muscle. It would also be interesting to compare carnosine levels to those observed following 

chronic β-alanine oral supplementation, and whether there is any true impact of magnesium-salt 

adjacent delivery, as purported by the manufacturer. Future research may also investigate the possibility 

of repeated applications, or possible combined effects along-side oral β-alanine, or other buffers. While 

intramuscular carnosine has been measured previously through biopsy followed by chromatography or 

mass spectrometry ((Carvalho et al., 2018; De Salles Painelli et al., 2018; Harris et al., 2006), it may be 

useful to explore less-invasive techniques such as magnetic resonance spectroscopy (MRS) which may 

provide an more feasible alternative, particularly among trained athletes (Baguet et al., 2009; da Eira 

Silva et al., 2020; Derave et al., 2007).  

Future testing should consider to better design procedures that prioritise the reduction of variability in 

performance outcomes measures. Given our current understanding of this space in regard to 

supplements, such as β-alanine and sodium bicarbonate, we know that the effect sizes are likely to be 

small. Given this, future works might benefit from making specific design choices, such as choosing a 

time to exhaustion test over that of a fixed work/duration task, and powering studies accordingly. Design 

choices such as this may play a key role in reducing variability allowing for a greater opportunity to 

quantify the true performance effects of topical carnosine application in athletes.  



 
43 

 

Conclusion 

In conclusion, the topical application of carnosine and placebo gels did not improve 800m time-trial 

performance over that of no gel, suggesting no placebo or true - physiological effect  despite small 

changes in post-test blood lactate. The primary recommendations for future research are that: (i) the 

scale at which intramuscular carnosine can be increased via topical application are investigated, using 

either invasive (biopsy) or non-invasive methods, and (ii) the performance enhancing effect are 

investigated in the context of a performance capacity test. Further knowledge of these will help shape 

and mould the scientific consensus and allow us to gain a more nuanced and detailed understanding of 

whether this supplement can contribute to enhancing performance in high-intensity sporting events. 
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