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Abstract: Human serum albumin (HSA) is the ultimate, homeostatic determinant of fluid volume (FV) in all 

compartments of the body. The ability to change the pressure and flow of nutrient medium to cellular 

structures selectively has clinical significance in almost all areas of clinical medicine. We have shown that 

present fluid therapy (FT) using either colloid or saline dilutes nutrients. HSA binds and delivers nutrients, a 

lack of HSA binding causes Albumin Binding Disease (ABD) changing both colloidal pressure and nutrients 

leading to symptoms of sepsis. A reduction in HSA binding can be through lack of HSA or external ligands 

taking up binding sites on HSA. Many diseases cause ABD when immunoglobulins, infectious particles and 

by products bind to HSA including COVID-19 and other bacterial diseases like streptococcus as well as 

metabolic and cardiac disease due to incorrect pressure and nutrients. To raise HSA binding potential and 

remove vulnerabilities to these diseases we propose raising HSA. We show how present methods of fluid 

therapy (FT) are inefficient in that control of both pressure and nutrients forms initial equilibrium in the liver. 

HSA production and binding to nutrients is maintained at a level by the pressure in hepatocytes with the 

pancreatic and adrenal hormones moderating. Glucose and Ketone production are critical in the management 

of HSA binding and control of blood, colloidal pressure, and health of cells. Ketones provide a distinct 

mechanism of liver to lungs-heart metabolism during hypoglycaemia and activity. This known chain of 

nutrition becomes critical during disease like acute respiratory distress syndrome (ARDS) when ketones may 

be overproduced. HSA must therefore be infused into the liver to raise HSA levels safely. We investigated the 

control of HSA as a product of the actions of pressure in hepatocytes and changes in pancreatic and adrenal 

hormones. We found that in addition to pressure during glucose abundancy HSA is released with ketones on 

administration of insulin and consider that this mechanism retains HSA moderation. HSA can therefore be 

increased by increasing insulin in the presence of glucose in the correct amounts. We suggest a protocol to 

increase FV, blood, lymph volume by infusion of HSA, insulin, and glucose direct to the liver so that the level 

of HSA stabilises. We suggest this will raise all other nutrients in the new FV, blood, lymph culminating in the 

creation of new blood cells. We propose that in a clinical situation maintaining this protocol will alleviate the 

symptoms of ABD and decrease the likelihood of serious illness and death. 

Keywords: albumin; COVID; Albumin Binding Disease; insulin; diabetes; fluid therapy; saline; 

plasma; blood volume; nutrition; cellular 

 

Introduction 

During illness and old age, the systemic changes originating from loss of albumin (HSA) binding 

cause cumulative cellular changes (1-6). These changes are reflected in the ability of the liver to 

maintain levels needed for systemic delivery of almost all nutrients including gaseous exchange (2,3). 

There are two main mechanisms of adjusting cellular health when illness occurs: either remove 

the irritation or adjust the medium the cells are bathed in to maintain best survival. In cases of 

COVID-19, influenza and bacterial diseases, conventional wisdom is to remove the offending virus 

or bacteria. This is usually done by a vaccine, which uses the body’s own immune system to create 

antibodies to promote dissipation or antibiotics which destroy the bacteria in situ. The second method 

is to stabilise cells and the immune system by altering the medium in which they sit. This method 

must take into consideration a number of factors because the systemic system controlling individual 

organs and cellular structures is diverse and during illness normal vascular control is usually 

impeded. We suggest one method of increasing the immunity of the body is to improve nutrient 

supply and oncotic pressure to the cells which can be done by infusion of HSA to the liver and 
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increasing whole body fluids (WBF) to a level at which the cardiovascular/lymphatic system is 

efficient. 

In anaesthesiology and surgery maintaining correct whole-body fluids is essential for the 

efficiency of heart and lungs both in terms of pressure and nutrients (8). Correct cellular nutrients 

increase recovery from surgery (9). All systemic pharmaceuticals depend both on the levels of WBF 

but also on the binding constraints of HSA in determining the constitution of the blood, interstitial 

fluids, lymph, and other body fluids. A successful protocol to maintain HSA at set levels will alleviate 

diurnal and systemic variation permitting finite control of glucose and ketone level by allowing the 

precise maintenance of pancreatic and adrenal hormones all of which compete for transport by 

binding to HSA. The maintenance of these hormonal levels controlling plasma nutrients is the result 

of an algorithm predicted by their release properties and the timing constraints on delivery. The 

hormones have been largely identified.  

As liver HSA production levels change all other components of the blood change 

correspondingly with equilibrium determined by timing of distribution through the interstitial fluid 

and lymph. All other proteins and cellular distribution of blood components are maintained 

secondary to HSA including nutrients, red and white blood cell count, the levels of hormones and 

waste. HSA through its control of colloidal pressure and whole-body fluids also is the underlying 

maintenance of blood pressure and of maintaining efficiency of the heart. 

We have already published evidence that: 

1. HSA levels are age HSALNP and have a direct relationship to mortality due to COVID-19 and 

other illnesses (1, 2). 

2. A decrease in HSA binding causes Albumin binding diseases (ABD), whereby insufficient 

binding for nutrient affects oncotic pressure and cellular nutrients. ABD are defined symptoms 

caused by lack of correct binding to has, resulting in illness caused by resulting nutrient 

deficiency and adverse pressure changes. We define systemic sepsis as being ABD as well as 

most metabolic diseases and many cardiac symptoms (2). ABD may be also responsible for 

altitude sickness. (3,4) 

3. We have demonstrated how ABD causes endothelial collapse and have defined the cause of 

systemic sepsis as its effects (3). The endothelial glycocalyx plays an important role in vascular 

homeostasis, regulating vascular permeability and cell adhesion, has antithrombotic and anti-

inflammatory functions and is bound within the glycocalyx, thus contributing to stability of the 

layer. In addition, albumin transports sphingosine-1-phosphate which has protective 

endothelial effects (5). 

4. We demonstrated that the human serum albumin lymphatic nutrient pump (HSALNP) 

distributes nutrients selectively to organs, simultaneously maintaining oncotic pressure (6).  

5. We showed how present regimens for saline and colloids do not consider physiological reality 

(4) and showed how infusion of to the periphery can produce cellular damage. 

6. We demonstrated that the correct procedure for fluid therapy is by direct infusion to the liver 

and that the most convenient route is by the hepatic portal vein by ultrasound guided core 

needle. 

7. We have shown that HSA liver levels through maintenance of whole-body fluids (WBF) is an 

elemental control for blood pressure, cellular pressure, and nutrients in all tissues. 

8. This we propose raising HSA will correct the deficiencies that cause vulnerabilities in ABD. 

Gaseous supply to cells is through the through the heart lungs capillary network and diffusion 

to the cells. This can be thought of as the fast primary circulation timing with the red blood cells 

(RBCs) returning every few minutes. Over 50% of HSA forms a secondary circulation that has a half-

life of many hours formed from the leakage of HSA through the interstitial spaces into the lymph. 

This secondary circuit is fed from the primary circuit which is maintained by HSA liver production. 

In turn metabolites such as glucose and ketones are controlled in the primary circuit by circulating 

hormones mainly from the adrenal glands (cortisol, aldosterone, adrenaline, and noradrenaline), 

pancreas (Insulin and glucagon). It is organ dependent and provides nutrients to cells.  

The ability to raise or decrease WBF has many clinical consequences in almost all areas of 

medicine. In ABD an increase in albumin levels will gradually stabilise HSA diurnal rhythm by 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 February 2023                   doi:10.20944/preprints202302.0354.v1

https://doi.org/10.20944/preprints202302.0354.v1


 3 

 

settling variations in the cardiovascular capillary circulation and stabilising cardiovascular output. 

Once at a higher level any ABD will be reversed as the chain of nutrients supplied by the liver and 

the complex equilibrium of nutrients in the plasma re-establish. In the longer term the 7-hour half-

life of the HSALNP, which supplies the interstitial spaces and deep cells with nutrients and maintains 

correct colloidal pressure, will resume providing interstitial spaces and cells correctly.  

The HSALNP separates the cardiovascular system into different circulations according to the 

half-life of substances transported. Thus, conventionally gaseous respiration provides exchange in 

minutes to the cells from the lungs. The speed and distribution of all other components in the blood 

is controlled by the binding levels of albumin; 60% of which passes into the interstitial spaces and 

lymph taking many hours. It is this second longer nutrient circulation which has been overlooked, 

the timing of which may be weeks. Levels of all other components of the blood respond to changes 

in HSA. 

In a healthy body, HSA production in the liver is regulated is by pressure in the hepatocytes of 

the liver. Increased levels of HSA produce an increase in ketone bodies from the liver a preferential 

metabolite for the lungs, heart, and brain. Glucagon plays a limited role in ketogenesis during fasting 

or in response to SGLT2 Inhibition (7). The lungs are the primary site of plasma and lymph flow from 

the liver after passing through the heart. The delivery of ketones to the lungs is immediate, excess 

may produce ketoacidosis (13), while a deficit causes inefficiency in cellular function. A chain of 

events maintains the normal supply of ketones from the lungs and depends upon albumin levels. 

Both ketones and glucose levels are also controlled by levels of insulin and glucagon secreted from 

the pancreas directly into the hepatic portal vein. The pancreas samples plasma for glucose levels 

from cardiac output and is reactive to glucose levels within a few minutes in the capillary circulation 

but many hours in the interstitial lymph circulation.  

Raising albumin safely depends upon the timing of distributed nutrients through the interstitial 

cells and the constitution of the resulting lymph. Although the timing to infuse HSA to the 

cardiovascular capillary circulation takes a few minutes the resulting flow through the interstitial-

lymph circuit takes many hours. Many nutrients such as glucose are only partly bound to HSA and 

their timing through the interstitial/lymph does not follow HSA. This mean that glucose variations 

follow discrete timings as lymph returns to the venous system slowly. Glucose levels are maintained 

mainly by insulin and glucagon excretion by the pancreas as well as epinephrine in times of stress. 

Insulin (levels HSALNP upon HSA to which it is bound) is maintained by concentrations in the 

hepatic portal (HPV) vein as it passes to the liver. Levels of glucose are therefore HSALNP upon only 

the insulin levels in the HPV and not the rest of the circulatory system. This is reflected in the rapidity 

of glucose homeostasis. Therefore, in illness where the lymph flow is irregular, insulin measurements 

should ideally be taken from the HPV or arterial blood where a more direct relationship exists. In the 

liver insulin promotes glycogenosis leading to a reduction of blood sugar. This feedback loop that 

regulates glucose is dependent upon only the cardiovascular/capillary circulation, as the pancreas is 

primarily sampling glucose through this loop with changes in lymph occurring over the longer term 

depending upon lymph flow. The interdependency of insulin, glucose metabolism and levels of 

insulin can also be seen in the age variations in diabetes 2 in terms of both obesity and the age profile. 

In diabetes, hepatic production of serum albumin decreases, and it has been long established that 

insulin positively controls albumin gene expression (10). Serious illness in COVID-19 occurs during 

the secondary phase when IgG3 cells are at their highest (11). In addition, glycosylation of HSA 

decreases available HSA binding. 

A chain of nutrition therefore exists between the liver – lungs - heart and the rest of the body 

organs, such that release of proteins and nutrients of the liver are exchanged in the lungs before 

entering the capillary circulation of the periphery. The lungs and heart are both ketone metabolisers 

and therefore have a different dependency to HSA binding than does the periphery. Maintaining this 

chain is critical for the correct health of the heart and lungs especially during stress or illness. As 

blood flows from one organ to the next in series, binding by albumin and corresponding nutrient 

binders of nutrients change to reflect the correct medium for cell growth and cardiovascular 
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efficiency. It is very important that this chain of binding and concentrations of metabolites is 

maintained so that individual organs operate within their correct nutrient medium and pressures. 

Ketones, (released concurrently with HSA production) are preferentially metabolised by the 

lungs heart and brain during prolonged exercise or when glucose levels drop during illness (13). 

Increased synthesis and use of ketone bodies as ancillary fuel during periods of deficient food supply 

and low insulin levels causes oxidative stress in the mitochondria, which initiates a protective 

response allowing cells to cope with decreased energy availability (13). 

In a normal healthy sedentary body, ketone levels are balanced to the release of HSA. Exercise 

produces a relative drop in pressure in the liver producing both nutrient bound HSA and ketone 

bodies. In a healthy individual any excess acetone from ketone metabolism is largely excreted by the 

lungs thus avoiding keto acidosis. In a respiratory compromised individual for example, where the 

lungs are infected by COVID-19, any increase in HSA and ketones will result in ketoacidosis and 

cellular death. An inverse relationship exists between HSA levels and ketosis for type 2 diabetes (14). 

As the release of ketones is HSALNP on natural release of HSA, any infused HSA will therefore lead 

to a drop in ketones as plasma volume increases.  In acute respiratory distress syndrome (ARDS) 

this may have a beneficial effect of increasing antioxidants and decreasing the risk of ketoacidosis. If 

HSA is administered rapidly both ketones and glucose may require adaptation, either by hormonal 

influence or direct infusion. The ketone-body metabolism is maintained by the anabolic hormone 

insulin and the primarily catabolic hormones, glucagon, cortisol, catecholamines and growth 

hormone (15). The level of ketones should be assessed, ideally in the hepatic artery, arterial blood, 

and venous blood, to monitor their usage and production.  

Albumin and magnesium concentrations are linearly related at high and low albumin 

concentrations. (16). Both magnesium and calcium are bound to HSA with calcium up to 80% bound. 

The relationship between this competitive binding is well known with the magnesium and calcium 

metabolism closely related to the intestinal absorption and the renal excretion, the two ions being 

interdependent (17). Plasma calcium concentration is maintained within a narrow range by the 

coordinated action of parathyroid hormone (PTH), 1,25(OH)2D3, calcitonin, and ionized calcium 

(iCa2+) (18). HSA is an intermediary transporting both calcium and magnesium which compete for 

binding and dissolution in surrounding fluid. Transport of both calcium and magnesium are 

dependent on HSA levels for binding and appropriate oncotic pressures to adequately supply cells. 

Modified calcium and magnesium ratios are implicated in COVID-19 vulnerabilities (19, 20). 

Correct pressure regulation of cardiac function is dependent upon the levels of body fluids and 

distribution. Levels of pressure in the cells supplying nutrients are ultimately maintained by 

repetitive heartbeats. For a healthy heart to be maintained sufficient blood must be returned to the 

heart with every filling of the atria so that the ventricles can operate within their limits as defined by 

the Frank-Starling effect. It is the liver and HSA production that defines WBF, blood volume and 

content providing both a stable WBF and cardiovascular output within the limits of each individual 

physiology, by sampling pressure at its lowest in the HPV. 

Serum albumin concentration is an important predictor of both baseline haemoglobin (Hgb) and 

Erythropoietin (Epo) sensitivity. (21). Erythropoietin (Epo) is released on sustained hypoxia leading 

to changes in Hgb following 6 weeks of acclimatisation. Increasing WBF and blood volume will have 

an immediate effect of increasing blood flow which may alleviate some sensitivity to HSA infusion. 

Acute-phase reactants such as high-sensitive C-reactive protein (CRP), lactate dehydrogenase 

(LDH), ferritin, procalcitonin, interleukin (IL)-6, tumour necrosis factor-alpha, and IL-1 are elevated 

in all most all cases of sepsis and early elevation is associated with high mortality.  

Discussion 

To successfully raise HSA depends upon different pathologies of individuals and the technology 

to cannulate and evaluate nutrients and hormones.  

Core needle biopsy under ultrasound is now a regular procedure and has been used for the liver 

(22) and this technique can be used for safe cannulation of the HPV. 

Lungs and COVID-19. 
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The lungs are almost always the first point of infection in COVID-19. Any damage to the lungs 

affects the primary circuit of the HSALNP affecting all metabolites in the blood. Metabolites 

controlled by the liver such as glucose and ketones are metabolised selectively according to the 

activity of the lungs. In damaged tissue ketosis is a danger. Reduced respiration will reduce the level 

of acetone removal and promote ketoacidosis. In cases with damage the lungs, infusion of HSA to 

the liver should be to a well-ventilated supine subject with at least ketone/glucose levels monitored 

and adjusted. Levels of adrenaline should be at least stable. 

ABD  

In ABD where lung inflammation is not problematic direct infusion to the HPV should 

adequately raise WBF and reduce vulnerabilities and sepsis. As HSA rises all other components of 

the blood rise accordingly. Timing is still critical, and care should be taken as the effluent from the 

lymph mixes with that of the plasma. 

Acclimatisation to altitude.  

Upon climbing from sea level to altitude blood pressure reduces stimulating the release of HSA, 

simultaneously less oxygen produces hypoxia. HSA release increases WBF including the blood 

volume increasing hypoxic symptoms. In a healthy body HSA release stimulates all other blood 

components with RBC stabilising after 6 weeks. During this acclimatisation period the body responds 

to the hypoxic systemic environment by increased flow to the periphery and through the lymph.   

In our protocol we suggest monitoring glucose, ketones and corresponding hormones, insulin, 

glucagon with the aim of maintaining a balance where necessary. Both pancreatic and adrenal 

hormones are important in maintaining primary ketone/glucose balance during stress and must be 

maintained at or near optimal as HSA rises. HSA should be infused into the liver where it is formed 

naturally and where binding to metabolites originates. 

Ketones and glucose are the secondary variants in the cardiovascular circuit after HSA, 

variations in levels of both are determined by the pancreatic and adrenal hormones with the timing 

of other nutrients in response.  

The liver is highly complex moderating the content of diverse ligands in the blood. It is adaptable 

to huge variation in its production of HSA and metabolites. There is no evidence to suggest that 

healthy liver cannot produce, and recharge metabolites linked to infused HSA. 

Almost all systemic pharmaceuticals form ligands with albumin or other related protein binders 

like prealbumin. Changes in WBF will change their concentration determined by the flow and 

distribution of HSA, this modifies their action. 

Increase in WBF caused by HSA infusion leads to changes in systemic hormones leading to 

concomitant changes in both Glucose and Ketone metabolism. Ketones are metabolised in the fast 

cardiovascular-capillary circuit. Important during exercise when the lungs and heart metabolise 

ketones under stress and on release of epinephrine.  Any infusion of HSA to the liver assumes the 

best possible oxygenation of the blood. 

An insulin increase is followed by a decrease in Glucose, and increasing levels of HSA, ketones, 

and fatty acids. Glucagon act to increase glucose when insulin id deficient, ketone levels also increase. 

Epinephrine raises ketones, glucose, and fatty acids. Cortisol like Glucagon raises ketones, glucose 

and decreases fatty acids when insulin is deficient. Note that Glucagon is being controlled from the 

pancreas, and cortisol is controlled from a separate blood supply to the adrenal gland, sampling 

blood from two diverse sites. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 February 2023                   doi:10.20944/preprints202302.0354.v1

https://doi.org/10.20944/preprints202302.0354.v1


 6 

 

 

Figure 1. Hormones maintaining HSA, glucose, and Ketone levels. 

Deconstructing the actions of these hormones in respect to their sampling of the plasma 

demonstrates that HSA levels are also maintained from the glucose/ketone balance by the secretion 

of insulin Figure 1. HSA is primarily controlled by pressure in the hepatic portal vein (HPV) and this 

further attribute may have practical value for increasing HSA during illness. It may be possible to 

increase HSA naturally by fine timing levels of these hormones accurately and maintaining ketone 

and glucose levels. Theoretically, it is possible to change the actions and nutrient content by 

manipulating these hormones and their targets. For example, correct insulin infusion coupled with 

additional glucose will produce HSA if HSA levels are low with minimal change in glucose and 

ketone levels. Perhaps insufficient to raise HSA binding levels alone, this provides a technique for 

stabilisation of levels with addition of HSA infused to the HPV during infusion. 

Infusion of HSA reduces effective concentrations of these hormones and interferes with their 

respective binding to HSA until equilibrium is restored. Equilibrium should occur with ketones and 

glucose rapidly in a healthy individual, however our knowledge of how the hormones gives an 

opportunity to raise HSA rapidly and safely. It is this equilibrium and the balance between ketones 

glucose and the rest of the nutrients that maintains body health. 

Conclusion 

In a normal healthy sedentary individual raising HSA levels may be achieved by infusion of 

HSA into the liver whilst importantly maintaining insulin and glucose levels. The establishment of 

correct timing for infusion will depend largely upon diurnal and other varying factors from cellular 

discharge into the lymph. The two main concerns are the Ketones and Glucose, both of which are 

controlled in the fast cardiovascular capillary circuit needing monitoring in minute intervals. 

Individuals are different and often present with different symptoms. It is important to recognise that 

any infusion of HSA should also monitor the control of at least ketones and glucose, both of which 

have relatively short half-life in the body, with adjustments to ensure correct balance of nutrients.  

A = HSA, K = ketones, G = glucose, Fa = fatty acids: in = insulin, gl = glucagon, 

ep = epinephrine, co = cortisol.  

 

 

HSA ∷ K 

 

In(G)  =  ↑HSA ↑K ↓G ↓Fa 

 

gl(-in)  =  ↑G ↑K 

 

ep   =  ↑K ↑G ↓Fa 

 

co(-in)  =  ↑K ↑G ↓Fa 

 

These represent measured results taken from the references. These are nonlinear 

reactions. (-in) indicates that insulin deficiency is required for example glucagon 

can increase ketogenesis acutely when insulin secretion is inhibited (14). (G) 

represents Glucose requirement. Ketone production and release of HSA and 

ketones are linked. 
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There is ample evidence that a healthy body should respond to increase of WBF by replacing all 

nutrients and blood cells according to their timing. HSA infusion will have limited adverse effect 

with acclimatisation ending with whole RBC count which attains full production after 6 weeks.  

Evidence indicates that clinical maintenance of WBF by HSA infusion to the liver, will stabilise 

HSA variability and diurnal changes, permitting the finite control of metabolites including glucose 

and ketones balance. In addition, further advantages can be gained from the targeting of 

pharmaceuticals linked to albumin. HSA is the only factor maintaining long-term blood pressures 

from environmental changes in posture and physiology. Increasing HSA binding should decrease 

mortality by removing the limiting factors in ABD.  

Funding: This research received no external funding. 
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