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Distribution of plasma proteins in patients with chronic renal disease and
hepatic insufficiency
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Abstract: Chronic renal disease (CRD) is a serious condition associated with mortality, and decreased quality of life. Moreover, patients of
CRD are often suffering from hepatic insufficiency (HI). The plasma protein profile could be used as a predictor, as well as a diagnostic
marker of preoperative liver and renal failure. The present study was carried out to evaluate the fluctuation in the plasma protein profile in
patients with chronic renal failure and hepatic insufficiency. The blood samples were collected from 68 pre-dialysis patients with CRD and
HI with their prior consent from a local hospital matched with the normal samples. Our results showed a significant rise in the levels of urea
and creatinine, total bilirubin and glutamate pyruvate transaminase and alkaline phosphatase in patients with CRD and HI than normal
individuals. Since studies indicated that albumin and fibrinogen are insufficient for diagnosis and staging, therefore the complete plasma
protein profile was designed to clarify physiological relationships and emphasize pathological conditions through pattern recognition. SDS-
PAGE of plasma proteins was carried out to evaluate the effect of CRD and HI on individual proteins present in plasma. Characteristic band
patterns were obtained in patients that fully describe the state of the disease. Reduced or low concentrations of albumin, pre-albumin,
haptoglobin, transferrin and alpha-1-acidglycoprotein were noted through the gel electrophoresis. The decrease of haptoglobin (100 KD)
and the increase of alpha-1-antitrypsin (54 KD) in CRD and HI were a characteristic change, respectively. Our results suggest that pre

albumin and haptoglobin are useful markers of CRD and HI.
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INTRODUCTION

The chronic renal disease (CRD) is defined as a
deterioration of kidney function that results in the
retention of nitrogenous waste products. It is
increasingly prevalent in individuals with diabetes or
hypertension ~ and  postoperative  patients®.
Substantial reduction of functioning nephrons from
any origin is followed by a relentless progression to
chronic renal failure. Glomerular hypertension and
hyper filtration are the major contributors to this
progressive nephron loss®. Once glomerular damage
reaches a certain threshold value, the progression of
renal disease becomes consistent and irreversible®.

One of the common mechanisms that leads to
the renal failure through tubulointerstitium injury is

massive  proteinuria.  Accumulating  evidence
suggested  the critical effects of filtered
macromolecules on tubular cells, including

lysosomal rupture, energy depletion and tubular
injury that are directly induced by specific
components such as  blood complement
components™.

Renal failure develops in approximately 55% of
all patients referred to a hospital with acute liver
failure. The renal failure may be secondary to the
liver failure itself (and is termed as hepatorenal
syndrome) or the renal failure may be a secondary
insult that directly affects both liver and kidney**.
Patients with liver cirrhosis are susceptible to pre-
renal renal failure because of gastrointestinal
bleeding, diuretics and paracentisis™.

Since the CRD s characterized by oxidant
stress, it results in increased reactive oxygen species
production by  neutrophils.  Thus  plasma
concentrations of methylglyoxal are increased,
contributing to oxidant stress associated with renal
failure™. Blood plasma is exposed to this severe
oxidative stress more than intracellular fluid °.
Among the plasma proteins, albumin is the major
target of oxidant stress in CRD' and low serum
albumin level is a strong independent predictor of
total and cardiovascular mortality in haemodialysis
patients'®. In addition, the blood urea and creatinine
concentrations are routinely assayed as indirect
markers of glomerular filtration rate and have been
reported to be highly correlated with the progressing
CRD and HI*?*.

Since liver is a detoxifying centre of the body
and if the detoxifying ability of liver gets altered and
is accompanied by chronic renal failure, there will be
a change in the plasma protein profile. The
derangements of protein metabolism in chronic renal
failure or in liver disease were studied separately
through out the world but less work has been done
(on the combined study) on CRD and HI.

The aim of this study was to evaluate the
changes in plasma protein profile in patients having
CRD and HI. The electrophoretic pattern of plasma
protein profile in patients will give us the complete
picture of the diseased state when compared with
normal individual plasma protein profile. To our best
knowledge, this type of study has not been done
previously that correlates the combined effect of
altered kidney and liver function on plasma proteins.
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From this study long term survival and quality of life
of patients with renal and hepatic insufficiency will
be improved as the factors responsible for the
development of disease and the complications
associated with the CRD and HI will be diagnosed
earlier before any cellular damage can occur or any
irreversible change can occur.

MATERIALS AND METHODS

Collection of samples

The blood samples were collected from 68 pre-
dialysis patients with chronic renal disease and
hepatic insufficiency with their prior consent from
local Hospital in Karachi. The blood samples were
also collected from 50 age and sex matched healthy
individuals with their prior consent from the general
population. The plasma was prepared and then stored
at -20°C until further processed.
Estimation of total protein and separation of
proteins by SDS PAGE

Total Protein was estimated by Lowry’s
Method®”. The proteins were separated on SDS-
polyacrylamide gel on the basis of their molecular
weight as described by Laemmli.
Determination of total and direct bilirubin,
creatinine, urea, glutamate pyruvate transaminase
and alkaline phosphatase

Determination of total and direct bilirubin was
carried out by colorimetric method®’. Estimation of
plasma creatinine was carried out by colorimetric
method?, whereas, urea was determined in plasma
by enzyme kinetic method (UV method)®.
Estimation of glutamic pyruvic transaminase (GPT)
and alkaline phosphatase were carried out by UV
method® and colorimetric method™ respectively.

RESULTS

The levels of the measured plasma parameters
are shown in table 1 and figures 2-5. It was observed
that the mean value of plasma proteins in patients
was (7.99+1.82 mg/dl) as compared to the normal
individuals (8.53+0.99 mg/dl). The mean value of
total bilirubin (6.47+10.57 mg/dl) in patients with
CRD and HI was significantly (p<0.001) higher than
the normal individuals (0.60+0.38 mg/dl at 95% C.1).
The mean values of direct (4.8+8.69 mg/dl) and
indirect bilirubin (1.67£2.10 mg/dl) were also found
to be significantly higher in patients than the mean
values in normal individuals, i.e. 0.15+0.203 mg/dI
and 0.47+0.28 mg/dl respectively (Figure 1).
Likewise, the level of creatinine (3.51+2.83 mg/dl)
in patients was also found to be significantly higher
(p<0.001) than normal individuals (0.79+0.24 mg/dI

at 95% C.I.). The mean value of urea (114.44 +
62.12 mg/dl) in patients was found to be increased
significantly (p<0.001) than the normal individuals
(23.82+7.68 mg/dl at 95% C.1.) as shown in figure 1.

Table 1: Comparison of parameters in normal individuals and
patients with chronic renal disease and hepatic insufficiency.

No Parameters Normal Patients
Urea
1 mg/d 23.82+7.68(50) | 114.44+62.12(68)*
Creatinine
2 mgy/dl 0.79+0.24(50) | 3.51+2.83(68)*
3 Total bilirubin 0.60+0.38(50) 647 £ 105750
mg/dl
Direct bilirubin R
4 mg/dl 0.15:0.203(50) | 4.82+8.69(51)
Indirect bilirubin
> mg/dI 0.47 £0.28(50) | 1.67+2.10(51)*
GPT -
6 Uil 21.22 +8.01(50) | 293.94+63.19(68)
7 Adhp 82.62423.52(50) | 184.64+19.13(51)*
Protein
8 gm/dl 8.53+0.99(49) | 7.99+1.82(67)

Values are mean+SD (n) number of individuals is given in
parenthesis. The normal individuals were compared with the
patients having chronic renal disease and hepatic insufficiency,
the significance of difference is indicated by p-values calculated
by independent t-test. *p<0.001
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Figure 1: Total plasma proteins, total bilirubin, creatinine and
urea in patients with CRD and HI. Each value represents
mean+SD (n=given in table 1). **p<0.001

Both the liver enzymes i.e., alkaline phospatase
(184.64+19.13 U/l) and GPT (293.94+63.19 UI/I)
were measured as an index of HI. Figure 2 show that
the activity of both the enzymes increases
significantly (p<0.001) in patients of CRD and HI.

SDS-PAGE of plasma proteins (Figure 3, Table
2) was carried out to see the effect of hepatic and
renal insufficiency on individual proteins present in
plasma. Molecular weights of proteins were
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calculated by graph plotted between log molecular
weight and relative mobility. As a result
characteristic band patterns were obtained which
comprehensively described the diseased state.
Reduced or low concentration of albumin, pre-
albumin, haptoglobin, transferrin and alpha-1-acid
glycoprotein  were seen through out the
electrophoretic gel analysis.
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Figure 2: Total plasma GPT and ALP activity in patients of CRD
and HI. **p<0.001
The plasma proteins profile obtained showed
reduced patterns of proteins in CRD and HI patients
as compared to healthy normal individuals. The
pattern shows reduced levels of proteins having
molecular weight 340 KD, 190 KD, 170 KD, 160
KD, 150 KD, 100 KD, 66 KD, 64 KD, 56 KD, 40
KD and 21 KD when compared with normal plasma
protein pattern.
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The difference of each protein level amongst
disease groups clarified that the decrease of
haptoglobin (100 KD) and the increase of alpha-1-
antitrypsin (54 KD) in CRD and HI were a
characteristic change respectively.

DISCUSSION

Chronic renal disease (CRD) is an irreversible
deterioration in renal function. The resulting
impairment of excretory, metabolic and endocrine
functions of the kidney leads to the development of
the clinical syndrome. This catabolic state is
associated with alterations of protein and amino acid
metabolism, as it is characterized by negative
nitrogen balance, impaired growth and reduced body
mass>2*, The prevalence of hepatic dysfunction is
higher in patients with chronic renal disease as
compared to the general population®,
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Figure 3: Comparative electrophoretic pattern of plasma proteins
separated on SDS-PAGE. Standard proteins (STD) used were
myosin (200 KD), p-galactosidase (116.25 KD), phosphorylase b
(97.4 KD), bovine serum albumin (66.2 KD), ovalbumin (45 KD),
carbonic anhydrous (31 KD), Trypsin inhibitor (21.5 KD),
Lysozyme (14.4 KD) and Aprotinin (6.5 KD). A) N=Normal
individuals (N1-N9), B) 18-25= Patients with Chronic Renal
Disease (CRD) and Hepatic Insufficiency (HI).

Table 2: Comparative electrophoretic pattern of plasma proteins separated on SDS-PAGE in normal individuals and patients with chronic

renal disease and hepatic insufficiency.

No N1# 18# 194 20# 21# 22# 23# 24# 25#
1 340 102 340 38 340 65 340 72 340 87 340 38 340 66 340 38 340 72
2 190 119 190 46 190 46 190 46 190 46 190 46 190 75 190 46 190 46
3 170 202 170 56 170 56 170 32 170 56 170 56 170 82 170 56 170 32
4 160 138 160 60 160 60 160 60 160 89 160 60 160 102 160 60 160 60
5 158 140 158 185 158 133 158 99 158 170 158 185 158 64 158 185 158 99
6 150 360 150 89 150 89 150 89 150 89 150 89 150 112 150 89 150 89
7 132 228 - - - - - - - - - - - - - - - -
8 100 260 100 66 100 66 100 96 100 66 100 66 100 108 100 66 100 96
9 76 303 76 285 76 285 76 285 76 285 76 285 76 185 76 285 76 285
10 69 241 69 301 69 301 69 301 69 301 69 301 69 196 69 301 69 301
11 66 350 66 330 66 330 66 330 66 330 66 330 66 188 66 330 66 330
12 64 207 64 112 64 112 64 112 64 112 64 112 64 210 64 112 64 112
13 56 175 56 85 56 85 56 85 56 85 56 85 56 220 56 85 56 85
14 54 82 54 92 54 59 54 63 54 92 54 92 54 239 54 92 54 63
15 40 96 40 39 40 71 40 109 40 84 40 39 40 142 40 39 40 109
16 28 80 - - - - - - - - - - - - - - - -
17 21 85 21 22 21 58 21 92 21 72 21 22 - - 21 22 21 92
18 - - 16 - 16 69 16 38 16 130 - - - - - - 16 38
19 11 45 11 - 11 - 11 - 11 45 - - - - - - - -
20 6.5 66 - - - - - - - - -

shown in Figure 3.

#MW in KD/band density N1=Normal individual, 18-25= Patients with Chronic Renal Disease (CRD) and Hepatic Insufficiency (HI) as
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Underlying severe hepatic insufficiency in
patients with CRD may compromise patient survival.
Therefore, liver function tests should also be
obtained in patients with CRD. Liver function tests
routinely combine markers of function (aloumin and
bilirubin) with markers of liver damage (GPT and
ALP). Abnormalities in liver enzyme activities gave
useful information about the nature of the liver insult.
In our study, we observed significantly elevated
levels of markers of liver functions which concurred
with previous studies that reported elevated levels of
these markers in CRD and HI patients. Increased
levels of these enzymes might be due to the liver cell
damage such as cirrhosis that is the consequence of
chronic injury to the liver which releases the
enzymes  from  the  hepatic  cytoplasmic
compartment®.

In addition to GPT and ALP, it was also
observed that the plasma level of total bilirubin,
creatinine, urea in patients with CRD and HI were
also markedly increased than the normal individuals.
These prognostic markers gave an overall picture of
the disease. Due to high urea and creatinine values,
the patients with CRD and HI are more susceptible
to renal failure and the chances of progression of
disease are higher.

In our study we analyzed total plasma proteins
of patients with CRD and HI compared with normal
individuals. The plasma proteins were further
evaluated by separating and analyzing these plasma
proteins by SDS-PAGE. Our findings concurred with
the earlier studies that have shown® an alteration
in the urine/serum protein pattern in renal failure and
in liver cirrhosis. We observed that haptoglobin (100
KD) decreases in the patients compared to that of
normal individuals. In contrast, an increase of
alphal-antitrypsin (54 KD) was observed in patients
with chronic renal disease and hepatic insufficiency.

In the gels there was a decrease in the density of
the bands of molecular weight 340 KD, 190 KD, 170
KD, 160 KD, 150 KD, 100 KD, 66 KD, 64 KD, 56
KD, 40 KD and 21 KD. There was a decrease in the
band density of 66 KD and 56 KD proteins which
might be albumin and pre-albumin respectively,
which were considered to be due to the impairment
in liver function and altered activity of functioning
nephrons. But in other gels/ samples we have seen
normal band density of these proteins which
indicates low degree of hepatocellular damage and
this was further confirmed by the GPT, ALP and
creatinine concentration in the plasma of patients
with chronic renal disease and hepatic insufficiency.
The protein of molecular weight 40 KD, which
might be alpha-1-acid glycoprotein, was present in

most of the gels and its concentration is only
decreased in severe liver damage of patients.

It can be concluded that the decrease in levels of
acute phase proteins for example haptoglobin and
negative acute phase proteins for example albumin
and pre albumin may be the result of decreased
synthesis, increased catabolism or a combination of
these or they may have been acquired in
inflammatory process thus predicting a poor
prognosis. The importance of electrophoretic
analysis is that it gives a clear picture of plasma
proteins in this metabolic syndrome and one can
predict the metabolic consequences underlying the
disease by analyzing the band density of particular
proteins on the gel. Also, the analysis of plasma
proteins by SDS-PAGE is an economical, less time
consuming and highly reliable method for diagnosis,
prognosis and treatment of disease. The
electrophoretic pattern of plasma proteins will also
give an idea about the disorders associated with
chronic renal disease and hepatic insufficiency.

ACKNOWLEDGMENT

This study was funded by “Dean’s Grant”,
Faculty of Science, University of Karachi, Pakistan.

REFERENCES

1. CostaJ, Crausman RS and Weinberg MS. Acute and chronic
renal failure. J. Am. Podiatr. Med. Assoc., 2004; 94: 168-
176.

2. Barsoum RS. Epidemiology of ESRD: a world-wide
perspective. In: EI Nahas M, ed. Kidney diseases in the
developing world and ethnic minorities. London: Taylor &
Francis, 2005:1-13.

3. Barsoum RS. Chronic Kidney Disease in the Developing
World. NEJM, 2006; 354: 997-999.

4. Hopkins K and Bakris GL. Hypertension goals in advanced-
stage kidney disease. Clin. J. Am. Soc. Nephrol., 2009; 4:
$92-94.

5. Dawood T and Schlaich MP. Mediators of target organ
damage in hypertension: focus on obesity associated factors
and inflammation. Minerva Cardioangiol., 2009; 57: 687-
704.

6. Lopes AA. End-stage renal disease due to diabetes in
racial/ethnic minorities and disadvantaged populations. Ethn
Dis., 2009; 19: S1-47-51.

7. Ulrich B. Diabetes and kidney disease. Nephrol Nurs. J.,
2009; 36: 461.

8. Kowalczyk J, Lenarczyk R, Strojek K, Zielinska T,
Gumprecht J, Sedkowska A, Kukulski T, Swierad M,
Kowalski O, Sredniawa B, Polonski L, Zembala M and
Kalarus Z. Prognosis in diabetic patients with acute
myocardial infarction treated invasively is related to renal
function. Med. Sci. Monit., 2010; 16: CR67-74.

9.  Abdi R and Brenner BM. Impact of renin angiotensin system
blockade on renal function in health and disease: an end or a
beginning? Semin. Nephrol., 2004; 24: 141-146.



Jamall et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Nangaku M. Mechanisms of tubulointerstitial injury in the
kidney: final common pathways to end-stage renal failure.
Intern. Med., 2004; 43: 9-17.

Moore K. Renal failure in acute liver failure. Eur. J.
Gastroenterol. Hepatol., 1999; 11: 967-75.

Cardenas A and Arroyo V. Hepatorenal syndrome. Ann.
Hepatol., 2003; 2: 23-29.

Moreau R. Hepatorenal syndrome in patients with cirrhosis.
J. Gastroenterol. Hepatol., 2002; 17: 739-747.

‘YamamotoT and Hishida A. Renal damage in liver cirrhosis:
pathophysiology and management. Nippon Rinsho., 1994;
52: 159-164.

Ward R. and McLeish KR. Methylglyoxal: a stimulus to
neutrophil oxygen radical production in chronic renal
failure? Nephrol. Dial. Transplant., 2004; 19: 1702-07.
Halliwell B. Reactive oxygen species in living systems:
Source, biochemistry and role. Am. J. Med., 1991; 9: 114-
122.

Himmelfarb J and Mc Monagle E. Albumin is the major
plasma protein target of oxidant stress in uremia. Kidney
Int., 2001; 60: 358-363.

Lowrie EG and Lew NL. Death risk in hemodialysis
patients: the predictive value of commonly measured
variables and an evaluation of death rate differences between
facilities. Am. J. Kidney Dis., 1990; 15: 458-482.

Schiick O, Erben J, Nadvornikova H, Teplan V, Mareckova
O, Skéla L and Reitschlagerova V. Residual kidney function
and plasma urea concentration in patients with chronic renal
failure. Int. Urol. Nephrol., 1990; 22: 573-579.

Anees M and Ibrahim M. Anemia and hypoalbuminemia at
initiation of hemodialysis as risk factor for survival of
dialysis patients. JCPSP, 2009; 19: 776-780.

Gayle F, Soyibo AK, Gilbert DT, Manzanares J and Barton
EN. Quality of life in end stage renal disease: a multicentre
comparative study. West Indian Med. J., 2009; 58: 235-242.
Musso CG, Michelangelo H, Reynaldi J, Martinez B, Vidal
F, Quevedo M, Parot M, Waisman G and Algranati L.
Combination of oral activated charcoal plus low protein diet
as a new alternative for handling in the old end-stage renal
disease patients. Saudi. J. Kid. Dis. Transpl., 2010; 21: 102-
104.

Graumann A and Zawada ET Jr. Case report: acute renal
failure after administering intravenous immunoglobulin.
Postgrad. Med., 2010; 122: 142-147.

Keles M, Tozoglu U, Uyanik A, Eltas A, Bayindir YZ,
Cetinkaya R and Bilge OM. Does peritoneal dialysis affect
halitosis in patients with end-stage renal disease? Peritoneal
Dialysis International 2010.

Lowry OH, Rosebrough NJ, Farr AL and Randall RJ.
Protein measurement with the Folin Phenol reagent. J. Biol.
Chem., 1951, 193: 265-275.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

43

Laemmli UK. Cleavage of structural proteins during the
assembly of the bacteriophage T,. Nature 1970; 227: 680-
685.

Heinemann G and Vogt W. The determination of bilirubin
with a new enzymatic method (Dri-STAT bilirubin) using
the Hitachi 704 selective analyzer. J. Clin. Chem. Clin.
Biochem., 1988; 26: 391-397.

Bartels H, Bohmer M and Heierli C. Serum creatinine
determination without protein precipitation. Clin. Chim.
Acta., 1972; 37: 193-197.

Kassirer JP. Clinical evaluation of kidney function--tubular
function. NEJM, 1971; 285: 499-502.

Bergmeyer HU and Horder M. International federation of
clinical chemistry. Scientific committee. Expert panel on
enzymes. IFCC document stage 2, draft 1; 1979-11-19 with
a view to an IFCC recommendation. IFCC methods for the
measurement of catalytic concentration of enzymes. Part 3.
IFCC method for alanine aminotransferase. J. Clin. Chem.
Clin. Biochem., 1980; 18: 521-534.

Bowers GN and Mc Comb RB. Measurement of total
alkaline phosphatase activity in human serum. Clin. Chem.,
1975; 21: 1988-1995.

Guarnieri G, Toigo G, Situlin R, Ciocchi B and Biolo G.
Modulation of protein kinetics in chronic renal failure.
Miner Electrolyte Metab., 1997; 23: 214-217.

Kovaic V, Roguljic L, and Kovaicic V. Metabolic acidosis
of chronically hemodialyzed patients. Am. J. Nephrol., 2003;
23:158-164.

Jeffers LJ, Perez GO, Medina M de, Ortiz-Interian CJ, Schiff
ER and Reddy KR et al. Hepatitis C infection in two urban
hemodialysis units. Kidney Int., 1990; 38: 320-322.

Chan TM, Lok ASF, Cheng IKP and Chan RT. Prevalence
of hepatitis C virus infection in hemodialysis patients: a
longitudinal study comparing the results of RNA and
antibody assays, Hepatol., 1993; 17: 5-8.

Ribeiro A, Reddy KR, Bernstein DE, Roth D, Jeffers L and
Schiff ER. Laparoscopic evaluation of liver disease in
chronic renal failure prior to renal transplantation.
Gastrointestinal Endoscopy, 1997; 45: 503-507.

Gitliu N. The serum glutamic oxaloacetic transaminase ratio
as a prognostic index in severe acute viral hepatitis. Am. J.
Gastroenterol., 1982; 77: 2-4.

Longsworth LG and Maclnnes DA. Electrophoretic study of
nephrotic sera and urine. J. Exp. Med., 1940; 71: 77-86.
Hallen J and Laurell CB. Plasma protein pattern in cirrhosis
of the liver. Scand. J. Clin. Lab. Invest., 1972; 29: 97-103.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Heinemann+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Vogt+W%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Clin%20Chem%20Clin%20Biochem.');
javascript:AL_get(this,%20'jour',%20'J%20Clin%20Chem%20Clin%20Biochem.');
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Bohmer+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Heierli+C%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Clin%20Chim%20Acta.');
javascript:AL_get(this,%20'jour',%20'Clin%20Chim%20Acta.');
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Horder+M%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Clin%20Chem%20Clin%20Biochem.');
javascript:AL_get(this,%20'jour',%20'J%20Clin%20Chem%20Clin%20Biochem.');

