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Abstract 

The majority of pathological ailments, such as diabetes mellitus, cancer, and 
inflammation, are associated with glucose metabolic abnormalities and can result in 
local or systemic acidosis by overriding the body's natural buffering capacity. This 
uncomplicated finding implies that acidity and insulin metabolism or insulin receptor 
signalling are closely related. In this review, we compiled the most recent research 
on the effects of extracellular and intracellular pH fluctuations on insulin resistance, 
as well as the role that insulin plays in causing acidosis. Insulin stimulates 
glycolysis, which has an impact on acidity. The reduction of pH in turn lowers 
insulin sensitivity or action, albeit the exact process is unknown. Apart from the 
common association of ketoacidosis with diabetes, there are additional significant 
and intricate variables 
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 Introduction 

Strong regulation is in place to maintain acid-base balance and pH, which are 
crucial for proper physiology and cell function. Since changes in the extracellular 
space have an immediate effect on the intracellular cytosolic pH and since the cell 
machinery is very sensitive to changes in intracellular H+ concentration, precise pH 
maintenance is required both at the extracellular level and in the cytosol. 
Extracellular pH frequently remains within restricted ranges and around neutral 
values to maintain the acid-base balance. The pH of arterial blood, which is kept 
between 7.36 and 7.44, and the pH of venous blood, which is approximately 7.6, 
are the two most significant examples. Several intracellular and extracellular buffers 
are accessible at various body areas as an immediate response against pH 
changes. 
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 In this situation, the pH value varies substantially based on the kind of tissue, the 
metabolic activity of every cell, and the gap between the specific cell and the 
nearest capillary vessel. Technical issues have prevented this area from being 
more thoroughly researched. However, using imaging instruments and biochemical 
assays, next-generation addresses enable the real-time monitoring of intracellular 
pH, proton pumping, and live-cell metabolism, possibly leading to greater 
comprehension of the phenomenon in the future. 

 
There are various clinical circumstances that can lead to the body fluids' buffering 
actions being overcome. There are numerous possible reasons for both localised 
and systemic acidosis. Growth factors or cytokines that increase cell metabolism, 
vascular illness, ischaemia, infection, tumours or inflammation may all contribute to 
local acidification [1, 2, 3, 4]. A lack of oxygen and low pH are features common to 
fracture haematoma in the early stages of healing [5]. likewise as shown by 
Marunaka et al., interstitial fluids surrounding a variety of tissues, including the 
brain, have a substantially lower pH even in pre-disease phases [6]. On a systemic 
level, anaemias, acquired immunodeficiency syndrome, anaerobic exercise, 
gastroenteritis, excessive protein or other acidifying substance ingestion, and 
respiratory and kidney problems are sources of excessive H+ accumulation. 
The greatest physiological anabolic agent known to biology is insulin, which 
restricts the breakdown and release of fats, proteins, and carbs into circulation 
while promoting their synthesis and storage [7]. Additionally to being very active in 
the liver and muscle cells, insulin is frequently linked to the uptake of fatty acids, 
particularly in adipose cells [8]. Nonetheless, practically every mammalian cell has 
insulin receptors (IR), which allows it to react to insulin. Macrophages, endothelial 
cells, and insulin-producing cells in the pancreas are other noteworthy insulin target 
cells having a metabolic role [9].  
We reviewed how insulin activity affects pH control in this paper, and how pH 
variations affect signals from insulin and glucose metabolism at both the 
extracellular and intracellular levels. 
Increased Glycolysis and Local Acidosis Mediated by Insulin 
Insulin's capability to stimulate glycolysis in response to a rise in blood glucose 
levels is one of its main roles. Glycolysis then leads to the formation of lactic acid. 
This is a cause-and-effect connection between acidosis and hyperlactatemia, a 
recurrent clinical characteristic of diabetes patients [10]. It is unclear, therefore, how 
diabetes's high blood lactate concentration and acidity are related. In a clinical 
setting, lactic acidosis can arise from either defective lactate metabolism or 
excessive tissue-level lactate generation. surprisingly, a mixed acid-base 
disturbance accompanied by simultaneous respiratory or metabolic alkalosis can 
also cause hyperlactatemia in situations where serum pH is normal or when there 
is alkalosis. 
For more details on the excessive manufacture of lactate, it's crucial to remember 
that it's frequently believed that acidosis connected to lactic acid production results 
from lactic acid dissociation and H+ generation [11]. This idea was rejected by 
Robergs in 2004 when he established that the reaction catalysed by lactic 
dehydrogenase (LDH) creates lactate rather than lactic acid and that lactate 
creation actually uses H+ [12]. More recently, Corbet et al. proposed that lactate 
and H+ ions are distinct entities based on the same idea [13]. Specifically, in deep 
hypoxia, only small fractions of each combine to create lactic acid, and lactate and 
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H+ are formed independently, with the pKa (~3.9) for carboxyl hydrogen 
dissociation remaining 
Furthermore, as some glucose molecules are diverted into other metabolic 
pathways, the entire transformation of glucose into two lactate molecules and two 
H+ ions in hypoxic cancer cells is only theoretical when most of glucose-derived 
pyruvate turns into lactate [13]. However, since lactate is carried across the cell 
membrane by monocarboxylic acid transporters (MCT), mainly by the MCT4, 
through a symport of H+ across the cell membrane, the lactate gradient across the 
membrane impacts H+ efflux [14]. Lastly, once lactate enters the extracellular 
space, a number of interacting variables affect the lactate-based acid-base balance. 
These variables include the conservation of mass and electrical charge balance, as 
well as the equilibria within the formation of carbonate and bicarbonate (Figure 1). 

 

 
Figure 1. Extracellular acidification occurs due to insulin stimulation. Insulin 
stimulated glycolysis and the uptake of glucose by the glucose transporters (GLUT). 
Proton and lactate concentrations rise over time as a result of glycolysis's 
accumulation of lactate. Then, protons are transported across the cell membrane 
by a variety of transporters, especially monocarboxylate transporters (MCT), which 
also move lactate to the extracellular space (the orange arrow shows the route of 
insulin; the green arrow shows the route of lactate, protons, and products of 
glycolysis; the blue arrow shows the route of protons). 

 Conclusions 

Acidosis impacts insulin resistance and sensitivity in a variety of complicated 
methods. Notably, as acute and chronic acidosis effects can have completely 
distinct effects, time of acidosis exposure is an important consideration in this 
situation. Several strategies, including the administration of bicarbonate, have been 
suggested in mice models to treat acid-related diseases [4,88]. subsequently 
applied to clinical settings, the findings of these studies may have unexpected and 
negative effects for human health. 
 Limiting dietary acid load can be a feasible choice and a relevant path to long-term 
enhancement of glucose equilibrium and prevention for disorders linked to insulin 
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resistance, such as type 2 diabetes. The existing findings are, however, severely 
flawed by constraints pertaining to patient acid load evaluation, dietary factors, and 
metabolic situation; additionally, the results are doubtful due to the paucity of 
reliable data regarding the underlying pathophysiology. Moreover, there is a dearth 
of evidence from interventional studies, and the trials that have been conducted 
thus far have not shown any beneficial effects from alkali supplementation [89]. 
However, the relationship between pH regulation and insulin metabolism is a 
fascinating field of research for the development of new treatment strategies. In 
addition, in therapeutic practice, data that has been gathered 
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