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normal subjects, 60-90% of acid mucopoly- 
saccharides are equally distributed between 
the 1.25 M and 1.5 M NaCl fra,ction. With 
increasing age, less acid mucopolysaccha'rides 
are distributed in these two fractions. 5. The 
present report suggests the presence of 
heparitin sulfate, heparin and chondroitin 
sulfate B as minor components of AMP in 
normal urine. 6. There was no evidence for 
the presence of keratwulfete in the nlomal 
urines examined. The possible presence od 
hyaluronic acid in normal urine is not ex- 
cluded by the results of the present study. 

The authors gratefully acknowledge suggestions 
and advisce of Dr. C. R. Treadwell and the technical 
assisbance of Mr. William Hitt. 
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The conventional tube method for de- reported a micromethod which utilizes the 
hernadsocptioln technique for end point deter- 
mination. The results are read with a standard 
light microscope. This report describes a new 

termining the neutralizing antibody titer of 
sera for the parainfluenza viruses is relatively 
time consuming. Recently, Schmidt et aZ(1) 
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technique which is a modification of Schmidt's 
method in that reading of the hemaggluti- 
nation pattern is done macroscopically. This 
method facilitates the technical procedures 
considerably because it is not necessary to 
establish an intact monolayer in the microtiter 
plate wells. Furthermore, rading of the plates 
macroscopically for hemagglutination is con- 
siderably simpler and faster than by micro- 
scopic examination for hemadsorption. 

Materials and methods. Equipment and 
technique. The microti ter neutralization test 
was carried out in disposable microtiter plates. 
The new hemagglutination method was devel- 
oped by usling new style Cooke* microtiter 
platest in which cells were grown in suspen- 
sion but without the necessity of establishing 
a complete cell sheet in each well; reading 
was done by hemagglutination. For compari- 
son, selected sera were also tested in old style 
platest in which a complete cell sheet could 
be consistently established and reading was 
done by hemadsorption. The microtiter plates 
were prepared by immersing them, in 70% 
alcohol for 1 hour; they were inverted and 
dried under ultraviolet light. 

Dropping pipettes calibrated to deliver 
0.025 ml and 0.05 ml were used for de- 
livening reagents into the wells. Spiral wire 
loops calibrated to transfer 0.025 ml were 
used for diluting the sera. Handling of the 
equipment has been described in detail by 
Lennette ( 2 ) . 

To compare this new microtiter method to 
standard tube techniques, neutralization tests 
for parainfluenza virus antibodies were also 
conducted in primary or secondary Rhesus 
monkey kidney tube cultures; the tube tests 
were read by hemoldsorption (3 ) .  

Monkey kidney cetls. Secondary Rhesus 
monkey kidney cells were d. The cells were 
obtained by trypsinizing primary cultures of 
Rhesus monkey kidney cells; a suspension 
containing 150,000 cells per ml was prepared 
by dliluting the cells with an appropriate 
volume of medium 199 containing 0.5% 

*Use of trade names is for identification only, 
and does not constitute endorsement by USPHS or 
by U. S. Dapt. of HEW. 

t Cooke Engineering 'Co. Nlo. 22034A. 
1: Cwke Engineering Co. No. 220-24. 

lactalbamin hydrolysate, 2 % chicken serum, 
and 1.68 g per liter of NaHC03. 

Serum dilution. All serum dilutions and 
virus antigen titrations were made in medium 
199 to which 1.68 g per liter of NaHC03 were 
added. The sera were diluted 1:4 and inw- 
tivated at 56" C for 30  minutes. 

Virus titration. Perainfluenza virus strains 
used for the micro-neutralization and tube 
tests were the HA-2 strain of type 1, the CA 
strain of type 2, and the HA-1 strain of type 
3. For microtiter neutralizing antibody deter- 
mination, the virus was diluted so that 0.025 
ml contained 100 TCID50. This virus mncen- 
tration was further diluted in tubes in lefold 
steps to determine the exact virus mncen- 
tration used in the test. Aliquots (0.05 ml per 
well) of these tube dilutions were placed in 
each of 3 plates to be tested at specified in- 
tervals in order to determine when the optimal 
virus titer was achieved for reading the test. 

Antibody assay. An 0.025 ml volume of 
diluting medium was dropped into d l  wells 
of the microtiter plates except t h m  in the 
first row. An 0.05 ml volume of the 1:4 dilu- 
tion of each serum was dropped into 2 adja- 
cent empty wells and diluted in 2-fold steps 
with 0.025 ml microtiter loops. An 0.025 ml 
volume of antigen containing 1001 TCIDSo of 
virus was added to each well. The virus- 
serum mixture was incubated in a 5% C02 
incubator a t  37°C for 1 hour then 0.05 ml of 
the monkey kidney cell suspension was added 
to each well. The plates were sealed with a 
special adhesive tape$, and incubated at 37°C 
in a 5% C02 incubator for 5 to 7 days. 

On the fifth day of incubation one of the 
3 virus titration plates was tested by adding 
0.025 ml of a 1% guinea pig erythrocyte sw- 
pension in 0.85% saline to each well. The 
plate was kept at  4OC for 1 to 1% hours. 
Reading was done by hemagglutination pat- 
tern macroscopically. If the virus titer on day 
5 was less than 30  TCIDBo a second vim 
titration plate was tested on day 6 and, if 
necessary, the third plate was tested on day 
7. The test was read on the day me of the 
virus control plates showed between 3 0  and 
300 TCIDSo. The neutralization titer was 
recorded as the highest serum dilution which 

0 Linbro No. 35 PS or Cooke No. 220-30. 
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TABLE I. Cornparison of Neutralizing Antibody Titers in Human Sera Determined by Horn- 
adsorption in Tubes and by Hemagglutination in Microtiter Plates. 

Parainfluenza virus 
Total tesb Type 1 Type 2 Type 3 

Categories No. % No. % No. 76 No. % 

2 dilutions deviation (4-fold) 0 0 1 5  1 8  2 5  

5 42 28 62 Same titer 8 66 15 71 
1 dilution deviation (2-f old) 4 34 5 24 6 50 15 33 

Total 12 loo 21 100 12 100 45 11010 

showed complete hemagglutination inhibition. 
Cell controls and serum controls were also 
included in each t a t .  

Typing of isolated hemadsorbing viruses. 
The new microtiter hemagglutinatioa method 
was also used for typing of hemadsorbling 
agents recently recovered frofm childrm with 
respiratory disease. Parainfluenza and in. 
fluenza hyperimmune sera, prepared in rab- 
bits, were used for the virus typing. The 
typing sera were diluted to a concentration 
which neutralized 1,000 TCIDBo of virus. 

Results. Neutralizing antibody determi- 
nations in children for parainfluenza virus 
types  I ,  2, and 3. Sera of children 2 to 12 
years of age were tested for parainfluenza 
antibodies with the convenitional tube method 
and the newly establlished microtiter method. 
Fifteen of the children had recently ex- 
perienced a parainfluenza virus infection, as 
indicated by recovery of virus or 4-fold anti- 
body increase. 

Table I shows 'the comparison of the neu- 
tralizing antibody titers determined by 
hemadsorption in tubes and by hemaggluti- 
nation in microtiter plates. For colmprative 
testing, from 12 to 2 1  known positive o1r 
negative sera were selected for each prain- 
fluenza virus type. Table I shows that of the 
45 comparative titrations, 95% had either an 
identical tiater or a 2-fold difference in titer; 
5 %  resulted in a 4-fold deviation in titer from 
that determined in tubes. Where deviatioa 
was observed, neither method was consistenltly 
higher than the other. The 8 negat' live sera 
(titer< 1 :4) as determined in tubes were also 
negative by the new method. 

Neutralizing antibody titers for parain- 
fluenza virus type 2 were determined on 69 
sera in microtiter plates by the hemadsorption 
method and by the new hemagglutination 

method. These 69 included 26 pairs of acute 
and convalescent sera. Four-fold rises in anti- 
body \titer were demonstrated in 17 smm 
pairs, all of which were detected by both 
methods. Table I1 reveals that 94% of the 
sera tested had the same titer (within m e  2- 
fold dilution) by both methods, and about 
two-thirds had no deviation between the 
methods. Six per cent of the sera showed a 
4-fold deviation in antibody titer between the 
2 methods. There were 15 negative sera 
(< 1 :4) all of which were negative by both 
methods . 

Identification of hemadsorbing virus isolates 
b y  the new micro-neutralization test. The 
hemadsorbing viruses which were typed by 
the new mlicro-neutralization technique had 
been previously typed by the conventional 
tube method. The second or third passage of 
each isolate in monkey kidney tissue culture 
was used as antigen. The infectivity titer of 
these isolates was at least lov3 TCID50. 

Fig. 1 gives a sample of one of the typing 
tests. The virus control was diluted in 10-fold 
steps with 6 wells per dilution. In this case the 
10-13.5 dilution was the virus concentration 
used for the test. For each of ithe parain- 
fluenza and influenza hyperimmune sera, 4 
test wells and 1 control well were used. The 
isolated virus strain shown in the figure was 
typed as a parainfluenza virus type 3. 

TABLE 11. Comparison of Neutralizing Antibody 
Titers for Parainfluenza Type 2 Virus Determined 
by Hemadsorption and by Hemagglutination in 

Microtiter Plates. 

Categories Number Percent 

Same titer 44 64 
1 dilution deviation (2-f old) 21 30 
2 dilutions deviation (4-fold) 4 6 

Total 69 100 
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FIG. 1. Micro-neutr'alization test for typing of isolated hemadsorbing virus. 

At the time of this report only a small 
number of isolates were typed by this meth- 
od; these included one parainfluenza type 1,  
two parainfluenza type 3, one influenza type 
A2, and two influenza type B. For each of 
these isolates the micro-neutralization method 
confirmed the identifications made by the con- 
ventional tube method. Subsequently, using 
this method 38 additional strains of parain- 
fluenza types 1 and 3 were idenbified. No type 
2 or type 4 parainfluenza viruses had b'een 
encountered. 

Discussion. The development of a simple 
micro-neutralization test far determination of 
antibody titers for parainfluenza viruses and 
for typing hemadsorbing isolates will be of 
great value, particularly to those laboratories 
participating in parainfluenza vaccine field 
trials. In our laboratory the microtiter method 
enables 4 employees to set up a test for 5 0 0  
sera in about 6 hours. This is an equivalent of 
using more than 8,000 tubes. A 500 sera 
microtest can be read macroscopically in 1 

hour. This method has an advantage over the 
recently published microtiter method( 1) in 
which reading is done microscopically, since 
microscopic examination of the mlicrotiter 
plates is relatively time consuming and cum- 
bersome. 

The end points of the hemagglutination 
micro-neutralization tests are usually clear 
cut with either complete hemagglu'tination in 
a well or a clear button of guinea pig ery- 
throcytes. In  our experience, all sera which 
were positive or negative by previously dec 
scribed methods gave the same results as by 
the new technique; also, iden'tical results in 
terms of 4-fold or greater Fises in  antibody 
titers were obtained with both methods. 

The only difficulty we encountered was the 
occurrence of spontaneous agglu'tination of 
guinea pig erythrocytes in a few human sera 
in 1:4 and occasionally in 1:8 dilutions. 
Spontaneous agglutination could usually be 
distinguished from specific agglutination by 
the characteristics of the borderline. Virus 
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specific agglutination produced a much moire 
diffuse pattern, whereas nonspecific aggluti- 
nation usually had a more definitive but rough 
margin and appeared in the serum controls 
to the same extent. Whenever possible sera 
were aliquoted and stored at  -2tOOC. 
The antibody titers to several antigens were 
determined in a single test; therefore, the 
serum samples were not fyozen and thawed 
more than 'twice prior to the determinations 
heroin described. The sera were not kept 
longer than 1 day at  4OC before testing. This 
method of handling sera could generally pre- 
vent the occurrence of spontaneous aggluti- 
nation. When spontaneous agglutina'tion did 
occur, it could usually be eliminated by a 
second inactivation of the sera for 10 minutes 
at 56°C. 

Summary. A new microltiter method has 

been developed for determination of neu- 
tralizing antibody titers fofr parainfluenza 
viruses and for typing hemadsorbing viruses. 
The microtiter plates are read macroscopically 
by hemagglutinlation pattern. The new method 
has advantages over both the conventional 
tube technique and a previously described 
micro-neutralization test. The results obtained 
with the new method are comparable with 
those of thle previously described methods. 
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Previous work in this laboratory( 1) con- 
firmed the observation of Cahill, Pawan and 
Chalmers( 2) that benzoic acid precipitates od 
human urine contain a factor capable of aug- 
menting C1402 production from C-1 labeled 
glucose by the rat epidymal fat pad. This 
activity was found to be increased in the urine 
from obese persons over that from non- 
obese controls and to increase during pro- 
longed fasting( 1). It was designated urinary 
insulin-like activity (UILA) because of the 
resemblance to plasma ILA. 

The present paper describes a partial 
purification of the biological activity of an 
extract from urine of an obese female who 
excreted large amounts of UILA. 

Patient material. The patienjt was a 27-year- 
old female with childhood onset of ob'esity. At 
time of examination she weighed 3010 lb and 
was otherwise normal. Glucose tolerance was 

*Supported by USPHS Grants A-504 and FR-67. 
t Trlainee in Metabollkm, USPHS Gmnt AM-5051. 

normal and no prcrteinuria was present. 
Twenty-four-hour urine collections were taken 
during feeding and fasting. Levels oif UILA 
previously assayed ( 1 ) were 'elevated during 
fasting. A 24-hour sample of urine taken 
during fasting was submitted to the followhg 
studies. 

Methods. Preparation of urine extracts. 
Benzoic acid precipitates of urine anld the 
alkaline extracts were prepared for assay by 
the method described by Bollnger et al( 1). 

Column chromatography. An aliquot of the 
alkaline extract was diiluted with buffer pH 
7.6 (0.01 M PO4, 0.15 M NaCl), placed in 
Visking dialysis bags (18/32) and dialyzed 
far 24 hours against the same buffer at 4OC. 
The bags were then transferred to 01.1 M 
acetate buffer at pH 4 and dialysis cariried out 
for another 24 houlrs. 

The samples were redialyzed against 0.015 
M PO4 buffer pH 7.6 for 24 hours, removed 
from the bags and lyophilized. One hundred 




