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INTRODUCTION 

Human serum proteins are glycoproteins 
in general. Among those with more than 10 
per cent of carbohydrate portion in the mole­
cule are iXl-acid glycoprotein (41.4 %), iXc 
~ntichymotrypsin (22.7%), iXzHS-glycopro­
tein (13.4 %) and iX1B-glycoprotein (13.3 %) 
(Schultze et aI., 1962; Heimburger et al., 
1964). 

Serum glycoprotein and total protein­
bound -hexose (PBH) in clinical protein­
energy malnutrition (PEM) have been 
studied by several investigators with contro­
versal results. Patwardhan et al., (1971) 
demonstrated that these were high in kwa­
shiorkor and marasmus. In rats with low 
protein diets or food restriction the level of 
glycoproteins and PBH decreased (Weimer 
and .Nishihara, 1959; Weimer and Hummel­
bough, 1965). 

o Special staining procedures were used for 
detection of serum glycoproteins in preceding 
investigations. In this study the technique of 
polyacrylamide gel electrophoresis (PAGE) 
for senim protein separation is used. ixl ­
acid glycoprotein, ix 1- and ixZ- globulins with 
ahigh carbohydrate portion are present as an 
individual single band. 

o The purpose of this study was to investigate 
some of the single fractions of carbohydrate 
rich serum proteins ij1 clinical P.E.M. 

This study is supporteq by re3earch grants No. T­
72-11 and No. T-74-01 from SEAMEO-TROPMED 
Project. 

MATERIALS AND METHODS 

Thirteen children with clinical PEM suffer­
ing from infectious diseases, mainly upper 
respiratory tract infection and gastroenteritis 
were chosen for this study. They were 
admitted at the pediatric ward of Chulalong­
korn University Hospital, Bangkok. Twenty­
four apparently healthy Thai preschool 
children from a village about 450 km north­
east of Bangkok were taken as a control 
group. For the low age range of the PEM 
cases a second control group of ten healthy 
newborn children, not older than one and a 
half month, from the Children's Hospital, 
Bangkok, were selected. 

Blood was collected in heparinized capillary 
tubes, then plasma was separated and stored 
frozen at _20°C before electrophoresis. For 
this the molecular sieving effect of 8 - 6 - 4, 5 % 
polyacrylamide vertical flat-bed gradient gel 
was used as described by Pongpaew et al., 
(1975). Electrophoresis was performed in 
using an OrtecR (Ortee, Tennessee, U.S.A.) 
model 4200 electrophoresis tank and cells and 
model 4100 pulsed constant power polariza­
tion source. After electrophoresis the gels 
were stained with 0.017 % amido black and 
desta~ned in 10% acetic acid. The protein 
pattern was read by the manual device of an 
Ortec model 4300 integrating microdensito­
meter system. A human standard serum 
derived from Behring Werke, Marburg, 
Germany was run simultaneously in each gel. 
The protein pattern in the gels were identified 
according to Felgenhauer (1970) and Abra­
ham et al., (1970). Prealbumin, ix l-acid gly­
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coprotein, albumin and transferrin form a children but above the age of the newborn. 
single peak. IIi the range of the first PJstal­ Weight for age for th,= healthy preschool 
bumin band mainly Gc-globulin, alB-glyco­ children is rather low, but when weight in 
protein and a 1 -antichymotrypsin is found, relation to height was measured then this group 
whereas the second postalbumin peak is were about 90 %. The values for albumin, 
mainly composed of a:zHS-glycoprotein and prealbumin and transferrin are significantly 
4, 6 S-glycoprotein. The normal serum con­ lower in the PEM group compared with the 
centration of 4, 6 S-glycoprotein can be healthy preschool children group. Albumin 
neglected because it is comparably low. and transferrin in the PEM group were also 

significantly lower than the values of the
The serum concentration of the three main 

newborn.
proteins forming the first postalbumin peak 

The serum concentration of aI-acid gly­
were determined additionally in using the coprotein from the PEM group is signifi­
electroimmuno assay (rocket immunoelectro­ cantly increased above the control groups
phoresis) technique according to Lauren 

(Table 2). The peak containing mainly a2HS­
(1972). Antiserum from rabbit for those pro­ glycoprotein is found to be the lowest in the 
teins were obtained from Behring Werke. 

PEM group but the difference to the con­
trol group is not significant.

RESULTS The total concentration of the proteins of 
the first postalbumin peak did not differ

Age, weight for age according to the Har­
between the groups. Therefore, the proteins 

vard standard (Stuart and Stevenson, 1959), 
Gc-globulin, alB-glycoprotein and acanti ­

albumin, prealbumin and transferrin levels 
chymotrypsin were measured separately

derived by PAGE are shown in Table 1. 
(Table 3). Unfortunately there was not 

The age range of the PEM children are enough serum left from the newborn group 
significantly below the healthy preschool in order to evaluate these serum proteins. 

Table 1 

Mean ± S.E.M. of age, percentage expected weight for age (Harvard standard) and serum albu­
min, prealbumin and transferrin from a group of healthy preschool children, newborn children 

and children suffering from protein-energy malnutrition associated with infection. 

No. Age Weight for Prealbumin Albumin Transferrin
Groups 

of cases month age % mgj100 m] mgjl00 ml mgjlOO~ 
\ 

1. 	Healthy preschool 24 32.9±2.8 76.9±0.3 26.9±2.6 4.6±O.1 224.9±9.6 
children 

2. Newborn 10 0.9±0.4 78.1±0.7 14.2±3.7 4.7±0.1 272.9±28.5 

3. 	 Children suffering 13 11.7±2.3 53.9± 1.0 11.3±2.1 3.6±0.2 103.8±12.1 
from protein-energy 
malnutrition 

Statistical significance between groups when tested by analysis of variance: 

Age: Group 1 compared to group 2 and 3: P_< 0.01. 

Weight for age: Group 1 compared to group 2 and 3: P < 0.01; group 2 compared to group 3: P < O.OL 

Prealbumin: Group 1 compared to group 2 and 3: P < 0.01. 

Albumin: Group 1 and 2 compan:d to group 3: P < 0.01. 

Transferrin: Group 1 and 2 compared to group 3: P < 0.01. 
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Table 2 

Mean ± S.E.M. of carbohydrate rich serum proteins from a group of healthy preschool children, 
newborn children and children suffering from protein-energy malnutrition associated 

with infection. 
~= 

Groups No. of 
cases 

al-acid glyco­
protein 

mg/lOO ml 

Gc-globulin, 
a l B-glycoprotein, 

al-antichymo­
trypsin mg/lOO ml 

a2 HS-glycopro­
tein, 4, 6 S-gly­

coprotein 
mg/lOO ml 

1. Healthy preschool children 24 24.8±2.7 77.5±6.0 89.3± 6.0 
2. Newborn 10 13.0±2.8 84.4±9.4 78.2± 16.3 
3. Children suffering from 13 35.8±6.2 81.3±8.2 64.7± 8.2 

protein-energy malnutrition 

Statistical significance between groups when tested by analysis of variance: 
Ul- acid glycoprotein: Group 1 compared to group 3: P < 0.05; group 2 compared to group 3: P < 0.01. 

Table 3 

Mean ± S.E.M. of Gc-globulin, alB-glycoprotein acid al-antichymotrypsin from a group of 
healthy preschool children and children suffering from protein-energy malnutrition 

associated with infection. 

a l B-glycopro- al-antichymo­
Gc-globulin

Group No. tein trypsin * 
mg/lOO ml 

Auj100 ml** Au/lOO ml** 

Healthy preschool children 24 28.2±1.0 142.1±4.5 100.1± 5.1 

Children suffering from 13 18.1± 1.6*** 95.9± 9. 7*** 186.0± 30.8*** 
protein-energy malnutrition. 

*Values from Schelp et al., (1976). 
**Arbitrary units: Values derived from a pool of 100 blood donors was set as 100 Au/lOO m!. 

***Statistical significance between groups when tested by Student t-test: P < 0.001. 

Nevertheless there is a significant decrease for The proteins with a carbohydrate portion 
Gc-globulin and alB-glycoprotein below the in the molecule above 10 per cent do not 
values of the preschool children. a l - anti­ react uniformly in PEM a l - acid glyco­
chymotryps in of the PEM children increase protein and al-antichymotrypsin increased 
significantly above the control group. significantly in the PEM cases above the 

controls. These two proteins are known as 
DISCUSSION "acute phase reactant" proteins, which show 

elevated levels in acute infection and other 
The results here for albumin, pre albumin stress situations as trauma (Arons en et al., 

and transferrin are in accordance with other 1972; Johansson et al., 1972). According to 
investigators who also found those proteins the results of this study they also increase in 
are low in PEM (Ingenbleek et al., 1975). infection in spite of starvation. However, 
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Gc-globulin and C(IB-glycoprotein, as a 
carbohydrate rich protein in PEM cases, 
decrease significantly below the controls. The 
peak in which mainly C(zHS-glycoprotein is 
present· does not increase in the PEM 
group. 

These findings may explain the conflicting 
results that serum glycoprotein was found to 
be high in human individuals suffering from 
PEM (Patwardhan et ai., 1971) but de­
creased in rats under starvation (Weimer and 
Nishihara, 1959; Weimer and Hummelbough, 
1965). Usually PEM is associated with in­
fectious diseases. Then the "acute phase 
reactant" proteins, with a relatively high 
portion of carbohydrate in the molecule in­
crease in a high extent above the other "gly­
coproteins", which either do not change in 
concentration or decrease. However, in 
animal expedments rats are kept free from 
infection. It might be assumed that under 
energy and protein depletion without infec­
tion the plasma glycoprotein level decrease 
uniformly. 

SUMMARY 

The human serum proteins with a carbohy­
drate portion of more than 10 per cent in the 
molecule, aI-acid glycoprotein, C(l-antichy­
motrypsin, alB-glycoprotein and azHS­
glycoprotein were studied in thirteen cases of 
protein-energy malnutrition. The "acute 
phase reactant" proteins C(1-acid glycopro­
tein and C(l-antichymotrypsin were found 
to be increased above the controls, whereas 
the other "glycoproteins" either decreased or 
did not change significantly. Also albumin, 
prealbumin and transferrin were found to be 
low in the cases of protein-energy malnutri­
tion. 

ACKNOWLEDGEMENTS 

The authors wish to express sincere thanks 
to Dr. Sonchai Pongsupath and Dr. Prakong 

Vol. 	 7 No. 3 September 1976 

Poshakrishana of the Department of Pedia­
trics, Faculty of Medicine, Chulalongkorn 
University, Bangkok and Dr. Varuni Amora­
dhat from Children's Hospital, Bangkok 
for delivering the serum from the clinical 
malnutrition cases and the newborn children, 
and to Professor C. Harinasuta, Dean of the 
Faculty of Tropical Medicine, Mahidol Uni­
versity, Bangkok, for his support. The 
authors also wish to acknowledge the skilled 
assistance of Miss Venus Supawan. 

REFERENCES 

ABRAHAM, K, SCBUETT, K, MUELLER, 1. and 
HOFFMEISTER, H., (1970). Kontinuier­
liche polyacrylamid-elektrophorese. 1. 
Untersuchungen an normalseren. Z. 
Klin. Chern., 8 : 92. 

ARONSEN, K.F., EKELDND, G., KINDMARK, 
C.O. and LAURELL, C.B., (1972). Scand. 
J. Clin. Lab. Invest., 29: (supp!. 124) 127. 

FELGENHAUER, K, (1970). Quantitation and 
specific determination methods after 
disc-electrophoresis of serum proteins. 
Clin. Chirn. Acta, 27 : 305. 

HEIMBURGER, N., HEIDE, K., HAUPT, H. and 
SCBULTZE, H.E., (1964). Bausteinanaly­
sen von humanserumproteinen. Clin. 
Chirn. Acta, 10 : 293. 

INGENBLEEK, Y., VAN DEN SCHRIECK, H.G., 
DE NAYER, P. and DE VISSCHER, M., 
(1975). Albumin, transferrin and the 
thyroxine-binding prealbuminfretinol­
binding protein (TBPA-RBP) complex 
in assessment of malnutrition. Clin. 
Chirn. Acta, 63 : 61. 

JOBANSSON, B.G., KINDMARK, e.O., TRELL, 
E.Y. and WOLLHEIM, F.A., (1972). 
Sequential changes of plasma proteins 
after myocardial infarction. Scand. J. 
Clin. Lab. Invest.,.29 : (supp!. 124) 117. 

LAURELL, 	 C.B., (1972). Electroimmuno­
assay. Scand. J. Clin. Lab. Invest., 29 : 
(suppl. 124) 21. 

463 

http:Invest.,.29


SOUTHEAST ASIAN J. TROP. MED.PUB. HLTH. 

PATWARDHAN, V.N., MAGHRABI, R.H., Mou­
SA, W., GABR, M.K. and MARAGHY, S., 
(1971). Serum glycoproteins in protein 
calorie deficiency disease. Amer. J. CUn. 
Nutr., 24 : 906. 

PONGPAEW, P., MIGASENA, P. and SCHELP, 
F.P., (1975). Electrophoresis of human 
serum with polyacrylamide gradient gel 
slaps. J. Med. Ass. Thailand, 58 : 15. 

SCHELP, F.P., MIGASENA, P., PONGPAEW, P., 
SCHREURS, W.H.P. and S'UPAVAN, V., 
(1976). Serum proteinase inhibitors and 
other serum proteins in protein-energy 
malnutrition. (in press). 

SCH'ULTZE, H.E., HEIDE, K. and HAUPT, H., 
(1962). Uber ein noch nicht beschrie­

benes aI-glycoprotein des menschlichen 
serums. Naturwissenschaften,49: 113. 

STUART, H.C. and STEVENSON, S.S., (1959). 
General factors in the care and evalua­
tion of children. In Textbook ofPedia­
trics. W.E. Nelson, Ed. Saunders, Phi­
ladelphia. 

WEIMER, H.E. and NISHIHARA, H., (1959). 
The influence of the protein level of the 
diet on serum glycoprotein concentra­
tion in the rat. J. Nutr., 67 : 137. 

WEIMER, H.E. and HUMMELBOUGH, c., (1965). 
Alterations iIi protein-bound carbohy­
drate levels of rat serum durjng food 
restriction and refeeding. Proc, Exp. 
BioI. Med., 118 : 842. 

Vol. 7 No. 3 September 1976 464 


