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The preceding paper (1) describes the isola-
tion and some of the physical chemical character-
istics of a fraction of human plasma which precipi-
tates at low temperatures in the presence of hep-
arin. Evidence was presented suggesting that the
fraction is closely related to or associated with
fibrinogen. This paper is concerned with an ac-
count of the method routinely employed for esti-
mating the fraction, and with a presentation of
data obtained by this method in normal individuals
of all ages, and serially in ill patients. Attempts
have been made to correlate the changes in the
component with other recognized measurements
of inflammatory disease.

MATERIALS ANDMETHODS

Method of estimating the heparin-precipitable com-
ponent. In earlier studies (2) of the heparin-precipita-
ble fraction (HPF), observations were recorded by gross
estimation of the amount and density of precipitates ap-
pearing in appropriately heparinized plasma after it had
remained at 20 C for approximately 18 hours. Based
upon preliminary experiments, an empirical method of
measuring the precipitate was developed early in this
investigation. Subsequent studies, presented in detail in
the preceding paper, have suggested a number of pos-
sible improvements in this technique. However, in order
that uniform observations could be made, the procedure
described in detail below was adopted and employed un-
changed throughout the investigation.

Five ml. of venous blood was taken from the fasting
patient into a sterile rubber-stoppered glass tube con-

1-Aided in part by grants from the American Heart
Association, the Minnesota Heart Association, and the
Graduate School Research Fund of the University of
Minnesota.

2Work performed as Helen Hay Whitney Foundation
Research Fellow, and as Senior Investigator, Arthritis and
Rheumatism Foundation.

taining 0.1 ml. heparin solution 8 (0.1 ml. commercial
heparin containing 10 mg. per ml. or 100 units per ml. of
sodium heparin) and mixed gently by inversion. After
centrifugation at room temperature (2,500 rpm for 15 to
20 minutes) 2.0 ml. of supernatant plasma was pipetted
into a sterile, acid-cleaned glass tube (14 X 100 mm.),
covered, and the tube placed in a cold room maintained
at 20 C. The pH at room temperature of plasmas after
these manipulations was usually between 7.8 and 7.9.
All subsequent operations during centrifugation and wash-
ing of the precipitates were carried out at 2° C. After
standing 16 to 18 hours at this temperature, the tubes
were centrifuged at 2,200 rpm for 10 minutes in an In-
ternational refrigerated centrifuge at 20 C, the super-
natant plasma poured off, and 3.0 mL cold 0.05 M, pH
7.4 phosphate buffer was added. The precipitate was
mixed by thumping the tube repeatedly with the index
finger. After recentrifugation the supernate was decanted
and the tube inverted to drain for 5 minutes; the precipi-
tate was then rewashed with an additional 3.0 ml. of cold
buffer. After this second wash, 1.5 ml. of the buffer was
added to the tube, and the tube placed in a water bath at
370 C for 30 minutes. The precipitates rapidly went
back into solution. One and five-tenths ml. of biuret
reagent (3) was added to the redissolved precipitate, and
after 30 minutes the optical density read against an iden-
tically run buffer blank at 555 m#& in a Coleman Jr. spec-
trophotometer. The protein content of the precipitate
from 2.0 mL of plasma was calculated from the optical
density by reference to standard curves and expressed as
grams per 100 ml. plasma. The standard was a solu-
tion of crystalline bovine serum albumin, the protein con-
tent of which was determined by the micro-Kjeldahl
method (4). Results of replicate determinations on
pooled plasma samples agreed within + 0.02 gm. per cent
by the method.

Fibrinogen determination. Plasma fibrinogen was esti-
mated by a modification of the methods of Saifer and
Newhouse (5) and Morrison (6) using oxalated plasma.

Two ml. of plasma was placed in a Petri dish contain-
ing 5.0 ml. of pH 6.3 phosphate-saline buffer solution.

8 Heparin employed for many of these studies was gen-
erously supplied by the Upjohn Company, Kalamazoo,
Michigan.
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Four-tenths ml. of a freshly prepared thrombin solu-
tion in 0.9 per cent NaCi (8 mg. Parke-Davis Thrombin,
Topical per ml. saline) was then added with gentle
swirling to complete mixing. The clot which had formed
after standing one hour at room temperature was washed
twice with 0.9 per cent NaCl and twice with distilled
water. After washing, the clot was collected, dried at
900 C for 18 hours, and weighed. A factor of 0.83 was
applied to correct for occlusion of other plasma proteins,
as suggested by Saifer and Newhouse (5), and the final
result expressed as grams per 100 ml. plasma. Replicate
determinations by this method agreed within ± 0.02 gm.
per cent.

Erythrocyte sedimentation rate (ESR). The method
of Westergren was employed throughout, using dry
"double-oxalate" as the anticoagulant. The values given
represent the fall in mm. in one hour at room tempera-
ture.

C-reactive protein (CRP). CRP was determined on
serum specimens by the method described by Anderson
and McCarty (7) using C-reactive protein antiserum
(CRPA) kindly supplied by Schiefflin and Company.

Muco proteins (M.P.T.). These were determined on
serum specimens by the method of Winzler, Devor, Mehl,
and Smythe (8), and the results expressed as mg. muco-
protein tyrosine per 100 ml. serum.

Clinical material. Patients on the pediatric and medi-
cal services of the Variety Club Heart Hospital, in the
Children's Rheumatism Clinic of the Heart Hospital, and
the general pediatric services of the University of Min-
nesota Hospitals provided the bulk of clinical material
utilized in these studies. A number of selected patients
from surgical and obstetrical services were also studied.
Serial studies were obtained wherever possible, specimens
being taken for HPF, fibrinogen, ESR, CRP, and mu-
coproteins simultaneously at least twice a week, or as
often as the condition of the patient indicated. Graphic
charts prepared for each patient were studied in an at-
tempt to correlate serial changes in clinical and routine
laboratory findings with the parameters under examina-
tion. Representative charts are presented in the text.

Values for healthy individuals were obtained from
three sources. The youngest group consisted of children
between 2 and 15 years of age undergoing routine pre-
camp physical examinations. The second group, varying
in age from 16 to 45 years, was composed of students
and faculty of the University of Minnesota undergoing
routine physical examinations in the Student Health
Service. The third group comprised adults, 46 to 75
years of age, who are being screened by extensive physi-
cal and laboratory examinations as a part of a cancer de-
tection study. The author is indebted to Dr. Albert
Sullivan of the Department of Surgery, University of
Minnesota, for his cooperation in obtaining these speci-
mens. All of the individuals in each group were afebrile,
asymptomatic, and had no significant abnormalities on
physical emination.

Statistical methods. For analysis of the data, the usual
methods have been employed to determine the standard

deviation and standard error. Dr. Jacob Bearman of the
Department of Biostatistics of the School of Public
Health, University of Minnesota, gave valuable advice
on statistical analysis of the data, and calculated the re-
gression coefficients.

RESULTS

HPF levels in healthy individuals
Levels of heparin-precipitable fraction (HPF)

and fibrinogen were determined in 506 healthy
individuals. These data are presented in three
categories, consisting of individuals from ? to 15,
16 to 45, and 46 to 75 years of age. The fre-
quency distribution of values for male and female
patients in each of the three groups is given in
Figure 1. It may be seen that the distribution of
values for the two older groups of individuals is
somewhat skewed toward the higher values. This
variation from Gaussian distribution, most strik-
ing in the middle age group, reflects, in part at
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TABLE I

Heparin-precipikibk fraction and fibnogen valus in normal person, by age group and sex

Sex

Male Female

Age Mean Standard Standard Mean Standard Standard
group Number gm. % deviation error mean Number gm. % deviation error mean

(A) Heparin-precipitable fraction
3-15 69 0.101 0.043 0.005 70 0.104 0.042 0.005

16-45 80 0.129 0.049 0.006 99 0.144 0.059 0.006
46-75 85 0.121 0.051 0.006 103 0.137 0.053 0.005

(B) Fibrinogen
3-15 55 0.219 0.038 0.005 72 0.227 0.043 0.005

16-45 90 0.199 0.046 0.005 101 0.210 0.046 0.005
46-75 85 0.243 0.056 0.006 94 0.229 0.066 0.007

least, the higher range of values obtained for fe,
males. Values for the youngest group fell into
a narrower range, and values for male and female
patients showed similar distribution.

Table I A summarizes the mean values for HPF
by age group and sex. The mean HPFvalues for
males and females differed slightly but significantly
(P = < 0.001) in the two older groups. The
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FIG. 2. CHART DEPIcTING SOLu CHANGESIN THE CLINICAL. COURSE
AND BORATORYFEATURS OF SEVN Acum RHEUMATIC FZvER WH
ChAmmsAND FAILURE IN A 12-YEAR-OLD GuR.

The clinical findings are presented schematically at the top of the chart,
the C-reactive protein in the center, and the HPF (solid line), fibrinogenl
(dotted line) and ESR (dot-dash line) are given below. HPF reached 1.38
gin. per cent initially and fell abruptly to low levels with ACTH treatment
Fibrinogen and ESR, although elevated initially, fell more gradually to
normal levrels. Note that a high initial HPF/fibrinogen ratio decreased
abruptly during recovery to the low values characteristic of normal
individuas.
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apparent difference in the mean values of children
and adults, however, may be due to differences
other than those determined by age alone, since
the groups were composed of individuals of en-
tirely different economic, social, and nutritional
status.

Since it was evident early in this investigation
that HPFresembled fibrinogen in certain respects,
this protein was assayed simultaneously with
HPF. The mean value for fibrinogen in 506
healthy individuals, given in section B of Table I,
was approximately 0.22 gm. per cent, the oldest
group of males having slightly higher values than
the other groups. This mean fibrinogen value
is somewhat lower than some normal data (9),
but comparable to those of Saifer and Newhouse
(5). Since the data (see below) on ill patients
appeared to lend significance to changes in the
ratio HPF/fibrinogen, this value was calculated
for each pair of determinations in the healthy
groups; the average ratios derived in this manner
were 0.458 (range 0.21 to 0.78) for the youngest
group, 0.709 (range 0.33 to 1.23) for the middle
group, and 0.568 (range 0.27 to 1.17) for the old-
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Note that HPF became elevated during period of
laboratory "rebound" after ACTH withdrawal, accom-

panied by slight fever, appearance of C-reactive protein
in the serum and increase in sedimentation rate. Fibrino-
gen level elevation preceded the HPF rise by about 5
days. Return of these values to normal followed salicylate
therapy.
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Note that HPF fell progressively to low levels in the
4 to 5-day period before death, while the fibrinogen and
ESR values remained elevated. At autopsy widespread
fibrinoid deposits were found in the kidney, adrenal,
spleen, lung, and liver.

est group. The higher HPF values found in fe-
males appeared to account for the high ratio values
in the middle age group.

Results of serial observations in various disease
states and in pregnancy

Over 200 patients with various types of illness
have been studied serially. The observed changes
in HPF have been correlated with clinical and
laboratory findings and with the results of therapy.
Data illustrating serial determinations in represen-
tative patients are presented in graphic form in
Figures 2 through 6. Individual values for pa-
tients in each major category of illness studied,
together with simultaneous laboratory and clini-
cal findings corresponding to the HPF values, are
given in Tables II through V. Where serial ob-
servations are available, the value given in the
tables represents the initial HPF value in the
series. Since the patient was usually acutely ill
when first studied, this value usually represents the
highest measured during the series.

Acute rheumatic fever. Data on forty children
with acute rheumatic fever studied serially during
the course of their disease are presented in Table
II. Figures 2 and 3 illustrate the serial changes
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Normal HPF values had been obtained periodically during the preceding
six-month period. Note rapidity of HPF elevation and return to normal in
relation to clinical course.
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TABLE II

Relation between clinical and laboratory activity and heparin-precipitable fraction values in patients with rheumatic fever

Clinical activlity* Laboratory activity

Tempera- Migratory Mucoprotein
Duration HPF Fibrinogen ture over poly- Cardiac ESR mg. tyrodne

Patient Age of disease gm. % gm. % 1000 F arthritis Cardltis failure mm./hour CRP per 100 ml.

1 12 2 wk. 1.38 0.68 + 0 + + 114 4+ 18.10
2 8 1 wk. 1.10 0.70 + 0 + + 120 4+
3 11 2 wk. 0.67 0.52 + 0 0 0 100 4+ 8.80
4 lwk. 0.67 0.51 + + + 0 75 4+ 15.10
5 14 2 days 0.66 0.63 + + + + 129 4+
6 77 It yr. 0.66 0.46 0 0 + 0 49 3+ 2.20
7 16 1 mo. 0.65 0.46 + + 0 0 93 2+ 13.50
8 14 3 wk. 0.57 0.59 0 + + 0 108 4+ 14.70
9 7 2 wk. 0.57 0.64 + + + 0 121 4+

10 7 3 wk. 0.56 0.49 + + + 0 114 3+ 11.60
11 9 1 wk. 0.56 0.76 + + + 0 109 4+ 13.80
12 12 2 mo. 0.50 0.53 + + + 0 104
13 4 4 mo. 0.46 0.50 0 0 + + 33 4+
14 5 1 wk. 0.43 0.37 0 0 + + 92 3+
15 30 2 wk. 0.42 0 + + 0 65 0 7.30
16 24 5 mo. 0.40 0.42 0 + + 0 62 2+ 6.30
17 13 8 mo. 0.40 0.40 0 + + 0 46 1+ 5.80
18 15 3 mo. 0.38 0.17 + 0 + 0 54 3+ 7.80
19 10 I mo. 0.38 0.19 0 0 + 0 23 1+ 5.10
20 14 1 wk. 0.36 0.46 + 0 + + 103 2+ 9.30
21 9 2 mo. 0.34 0 + + + 8.80
22 11 3 wk. 0.32 0.22 0 0 + + 80 2+ 7.50
23 7 1 mo. 0.31 0.45 + + + + 39 2+ 10.65
24 4 3 wk. 0.30 0.38 0 + + 122 9.35
25 7 2 wk. 0.30 0.29 + + + + 49 2+ 8.20
26 11 2 wk. 0.27 0.28 0 0 + 0 18 2.58
27 12 3 wk. 0.27 0.29 0 0 + 0 47 0 8.00
28 13 8 mo. 0.27 0.51 0 0 + 0 103 1+ 6.68
29 4 3 mo. 0.26 0.47 0 + + 0 56 4+ 8.20
30 12 3 mo. 0.26 0.37 0 0 + 0 36 0
31 9 3 mo. 0.26 0.74 0 + + 0 93 4+ 16.00
32 12 3 mo. 0.24 0.34 0 0 0 0 6 0 7.10
33 38 4 wk. 0.23 0.19 0 + + 0 22 1 + 7.90
34 18 1 wk. 0.20 0.25 0 + 0 0 15 0 6.08
35 12 lmo. 0.17 0.38 0 0 + 0 89 0 4.10
36 5 1 mo. 0.17 0.42 + 0 + 0 62 2+ 10.70
37 7 1 mo. 0.17 0.20 0 0 0 0 43 0 7.80
38 11 2j mo. 0.16 0.28 0 0 + 0 44 0 4.60
39 13 3 mo. 0.16 0.21 + 0 + + 9 2+ 3.40
40 7 1 mo. 0.15 0.22 0 0 + 0 15 0 6.50

* "+" indicates that the clinical feature was present at the time the values were obtained; 0 indicates that these
features were absent; blank indicates no observation available.

in HPF which were observed for the group as a
whole.

In all but eight of the rheumatic fever patients,
the initial HPF values obtained were above 0.24
gm. per cent, which represents the probable up-
per limit of normal. The height of initial values
roughly correlated with the severity of the process
as gauged clinically by "toxicity," presence of
pericardial friction rub, fever, joint manifestations,
and by markedly increased leucocyte count and
ESR.

The patient whose clinical course is shown in
Figure 2 illustrates the reversal of the relationship
between the absolute values for HPFand clottable

protein which occurred in most patients with
spontaneous improvement or successful therapy.
Twenty-eight of forty initial HPFvalues equalled
or exceeded the corresponding clottable protein
value, the highest ratio occurring in the most se-
verely ill patients. With recovery both values fell,
but this relationship reversed, clottable protein
then exceeding HPF, giving low HPF/fibrinogen
ratios characteristic of normal individuals of com-
parable age.

When therapy was withdrawn abruptly, result-
ing in the so-called "rebound" phenomenon, HPF
values again rose above normal. An example of
this type of change is illustrated in Figure 3.
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"Collagen" diseases. The hypothesis that the
heparin-precipitable component might represent
a fibrinoid "precursor" (1, 2) led to serial exami-
nation in patients with diseases in which fibrinoid
deposition represents significant histopathological
change. Table III summarizes the representative
values obtained in patients with juvenile and adult
forms of rheumatoid arthritis, acute lupus erythe-
matosus disseminatus, scleroderma, dermatomyosi-
tis, polyarteritis, and anaphylactoid purpura. Pa-
tients with rheumatoid arthritis, like the rheumatic
fever group, had high HPF values when their dis-
ease was most severe, with high fever, joint in-
volvement, leucocytosis, and the characteristic
skin rash. When alleviation of these manifesta-
tions was brought about by cortisone or salicylate
administration, or when spontaneous remissions
occurred, the values returned to normal or low
levels.

On the other hand, the patients with dissemi-
nated lupus erythematosus and polyarteritis were

found to have HPF values in the normal range

for age, or even below normal levels, in spite of
high fever, severe illness, elevated clottable pro-

tein values, strongly positive CRP, extremely
high ESR and mucoprotein values. In one pa-

tient having polyarteritis (Figure 4) HPF values

fell to extremely low levels while clottable protein
values remained relatively unchanged during the
week prior to demise. At autopsy widespread
vascular lesions with prominent deposition of
fibrinoid were found.

Infectious diseases. High HPF levels were

found in patients with various acute bacterial in-
fections, as shown in Table IV.

Marked initial elevation of HPF values was ob-
served in patients having meningitis due to H.
influenza, Str. pneumoniae, or Niesseria intracel-
lularis, and in those having streptococcal pharyn-
gitis (Figure 5), urinary tract infection, bacterial
endocarditis, and cryptococcosis. These high ini-
tial HPF levels returned to normal with effective
antibiotic therapy. Again, the reversal in the re-

lationship of HPF and clottable protein as re-

covery ensued was found.
In contrast to the elevation of HPF observed

in acute bacterial infections, patients with common

viral infections studied were found to have normal
or only slightly elevated HPF values.

Neoplastic diseases. Nineteen patients of various
ages with neoplastic disease of various types were

studied. The values obtained are summarized in
Table V. High values were found in patients
whose lesions were extensive or widely dis-

TABLE III

Heparin-precipitable fraction in patients witth various "collagen" disorders

HPF Fibrinogen ESR
Patient Age Disease and activity gm. % gm. % mm./hr. CRP

1 5 Severe juvenile rheumatoid arthritis 0.73 0.66 91 3+
2 9 Severe juvenile rheumatoid arthritis 0.52 0.39 84 4+
3 4 Severe juvenile rheumatoid arthritis 0.47 0.43 104 2+
4 1 Severe juvenile rheumatoid arthritis 0.47 0.36 130 4+
5 50 Severe chronic rheumatoid arthritis 0.44 0.71 113 4+
6 22 Severe rheumatoid arthritis-

steroid treatment 0.38 0.42 104 3+
7 6 Severe juvenile rheumatoid arthritis-

salicylate treatment 0.33 0.64 54 4+

8 15 Acute disseminated lupus erythematosus 0.32 0.64 142 4+
9 12 Acute disseminated lupus erythematosus 0.16 0.51 123 4+

10 21 Acute disseminated lupus erythematosus 0.22 0.21 3 0
11 32 Acute disseminated lupus erythematosus-

cortisone treatment 0.08 0.15 2 +
12 70 Acute disseminated lupus erythematosus-

cortisone treatment 0.08 0.32 103 2+

13 9 Severe dermatomyositis-
cortisone treatment 0.21 0.20 9 0

14 5 Schonlein-Henoch purpura 0.35 0.25 54 2+
15 4 Dermatomyositis 0.54 0.58 85 1 +
16 12 Scleroderma 0.22 0.25 49 1+
17 9 Fulminating polyarteritis 0.04 0.32 103 2+
18 28 Fulminating polyarteritis 0.18 0.43 63 3+
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TABLE IV

Heparin-precipitabe fraction values in patients with various infections

Patient Age

1 3yr.
2 22mo.
3 16mo.
4 1 yr.
5 1 yr.
6 6jyr.
7 lOyr.
8 3yr.
9 3yr.

10 14yr.
11 lOyr..

Type of infection Micro-mganism

Meningitis-septicemia H. infliuena
Meningitis-septicemia H. influ a

Meningitis-septiceia H. iua

Meningitis-septicemia H. inle

Meningitis-septicemia H. influenz
Meningitis N. intracelularis

Meningitis-septicemia N. intraceluaris
Mentisseptmia N. itra~ceularis
Meningitis-sept ia N. intracelularis
Meningitis D. pneumoniae
Meningitis (partially D. pxeumoniae

treated)

HPF Fibrinogen ESR C-reactive
Duration gm. % gS. % mm./hr. protein

1 day 1.08 0.88 104 4+
4 days 0.77 0.53 123 4+

10 days 0.36 0.48 108 3+
6 days 0.31 0.35 33 3+
6days 0.31 0.38 81 1 +
2 days 0.83 0.36 40 3 +
3 days 0.69 0.54 53 3+

wk. 0.38 0.51 109 3+
iday 0.33 0.78 4+

wk. 0.40 0.53 71 4+
1 wk. 0.23 0.47 106 0

12 8 yr. Pharyngitis Str. hemolyticus, 6 days 0.68 0.37 51 3+
Group A

13 30 yr. Pharyngitis Str. hemolyticus, 4 days 0.65 0.50 22 4+
Type 5

14 16 yr. Scarlet fever Str. kemolyticus, S days 0.57 0.31
Type 18

15 Ij yr. Pharyngitis Str. hemtolyticus, 3 days 0.41 0.42 34 0
Group A

16 7 yr. Mastoiditis, chronic Various 2 yr. 0.22 0.35 98 0
17 13 yr. Bronchiectasis, Various 10 yr. 0.29 0.35 13 0

chronic
18 4 yr. Acute and chronic un- E. coli 3 days 0.87 0.58 106 4+

nary tract infection
19 4 yr. Acute urinary tract B. coli 1 day 0.30 30 4+

infection
20 14 yr. Subacute bacterial Str. viridans 2 mo. 0.60 0.42 110 3+

endocarditis
21 14 yr. Acute appendicitis 1 day 0.27 0.40 57 3+

22 4 yr. Generalized infection Cryptococcus Unknown 0.60 0.54 64 4+
neoformans

23 9 yr. Polycythemia due to Histoplasma 3 wk. 0.21 0.14 0 4+
cong. H. D.; acute capsuslatum
pulmonary infection

24 6 yr. Measles 44 days 0.32 0.38 42
25 5 yr. Measles 6 days 0.16 0.29 38 1 +
26 3 yr. Commoncold 2 days 0.15 0.24
27 6 yr. Encephalitis Mumps 4 days 0.18 0.20

TABLE V

Heparin-precipitable fraction salues in patients with various neoplastic diseases

HPF Fibrinogen ESR
Patient Age Type of tumor gm. % gmn. % mm./hr. CRP

1 7 yr. Hodgkin's disease 0.83 0.67 74 4+
2 7 mo. Cavernous hemangioma 0.66 0.35 49
3 7 yr. Hodgkin's disease 0.61 0.52 106 3 +
4 54 yr. Metastatic carcinoma of the lung 0.55 0.58 29 3 +
5 68 yr. Metastatic-carcinoma of the lung 0.37 0.30 22
6 10 yr. Acute leukemia 0.31 0.32 78
7 9 yr. Acute leukemia 0.29 0.37 40 1 +
8 4 yr. Metastatic Wilm's tumor 0.23 0.25 26
9 9 yr. Jaw sarcoma 0.22 0.12 23 0

10 13 yr. Myelogenous leukemia 0.19 0.27 22 +
11 7 yr. Disseminated lymphoma 0.18 0.28 40 4+
12 8 mo. Neuroblastoma 0.13 0.32 42
13 6 mo. Wilm's tumor 0.13 0.32 42 0
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seminated, and in whom constitutional manifesta-
tions were severe.

Nephrosis. Sixteen of the 21 nephrotic patients
studied had normal or low HPF levels, although
clottable protein values were frequently very high
and CRPwas present in the serum. Serial stud-
ies during the course of steroid-induced diureses
in these patients (Figure 6) failed to demonstrate
any significant changes in HPF in spite of abrupt
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with manifestations of pre-eclampsia had higher
values than normal women at the same stage of
pregnancy. Newborn infants, in contrast to their
mothers at term, were found to have very low
values, ranging from no measurable level to 0.06
gm. per cent. During the first 72 hours of life,
however, these values rose to within the normal
range for older infants. These data will be pre-
sented in detail elsewhere ( 11).

Low values were found in patients with severe
liver disease and cardiac failure. In both of these
conditions the fibrinogen levels were correspond-
ingly lowered. In acute rheumatic fever patients
having severe cardiac failure, low values rose to
high levels when failure was corrected by ap-
propriate therapy.

Correlation of HPF with other indicators of in-
flammatory disease
The initial HPFvalues for each of the 40 rheu-

matic fever patients were compared with simul-
taneously determined C-reactive protein, erythro-
cyte sedimentation rate, mucoprotein, and fibrino-
gen. Correlation scattergrams describing these
data are shown in Figures 7a through 7d.

These scattergrams show a rough correlation
between HPF and ESR, CRP and mucoprotein
values, as may be seen in the graphic charts de-
picting values in individual patients. However,
they show that normal HPF values were found
in some patients with marked elevation of ESR
or mucoprotein. The serial changes shown in
the nephrotic patient (Figure 6) illustrate clearly
the independent variations in the levels of the
various acute phase reactions and HPF.

The relation between HPF and simultaneously
determined clottable protein values in the rheu-
matic fever patients is given by the regression dia-
gram in Figure 7d, which was constructed from
the data of 38 patients on whom simultaneous
values were available. The extent and slope of
the regression of normal values is significantly
different from that of the rheumatic fever patients,
corroborating for the group of patients the serial
relationship between HPF and fibrinogen previ-
ously shown for individual patients.

DISCUSSION

The data presented in this paper allow a quanti-
tative analysis of the occurrence of a heparin-pre-

cipitable, cold-insoluble plasma component in nor-
mal individuals and patients with various acute
diseases. The method employed routinely for esti-
mating the amount of this component in plasma
has proven to be relatively simple and reliable,
giving results which are reproducible in replicate
samples within ± 0.02 gm. per cent. Serial daily
determinations in individuals with various dis-
eases, and during health, gave data which plotted
out smoothly, indicating a degree of day-to-day
reliability. Certain possible refinements of the
method are suggested by data given in the pre-
ceding paper, and these may increase the accuracy
of the procedure for further clinical application.
The method, as described, appears to be adequate
for purposes of delineating the clinical occurrence
and physiological significance of the heparin-pre-
cipitable component.

In apparently healthy individuals the amount of
HPF ranged from 0.04 to 0.27 gm. per cent, with
mean values varying slightly with age and sex.
The generally higher level of HPF in adult fe-
males is not explained, although preliminary data
indicating that a rise in HPF occurs before and
during menstruation may account, in part, for
the difference between sexes. It also seems pos-
sible that some of the high values, which are re-
sponsible for slight skewing of frequency distri-
bution of all data, may be due to the inclusion as
normal subjects of individuals having asympto-
matic illness not detected by physical examina-
tion. The importance of this consideration in
interpreting "normal" data describing other "acute-
phase" phenomena has been stressed in the litera-
ture (9, 12).

The earliest studies of HPF in humans (2) in-
cluded only patients with acute rheumatic fever,
rheumatoid arthritis, and a few normal adults and
infants. As the investigation was broadened it
became clear that elevated HPFvalues were also
characteristic of patients having bacterial menin-
gitis or other pyogenic infection, acute streptococ-
cal pharyngitis, or disseminated malignancy. Defi-
nitely elevated levels of the fraction thus appear
to characterize inflammatory or necrotizing dis-
orders in general .rather than any specific disease
process. Furthermore, data correlating HPF
with the clinical status of the patient indicate that
the levels in the plasma are roughly proportional
to the severity of the disease under study. There-
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fore, the clinical studies indicate that the occur-
rence of high levels of a cold-insoluble, heparin-
precipitable component in plasma may be added
to the long list of so-called "acute-phase" reactions
(12) occurring in the circulating blood of acutely

ill patients.
The question arises as to the possible practical

application of a test for this component of plasma
in clinical practice. This study suggests that de-
termination of HPF may provide information at
least as valuable as the other non-specific indi-
cators of inflammatory or necrotizing disease.
However, no unique advantages of this test over

the others are apparent. The requirement of
handling at low temperatures would restrict its
availability to those laboratories having cold cen-

trifuge facilities, an important practical limitation.
Also, the determination is not as simple to per-

form as the sedimentation rate, fibrinogen, or

C-reactive protein determination.
Evidence is presented elsewhere (1) that HPF

from human plasma is a protein closely resembling
fibrinogen in several chemical and physical char-
acteristics. The observations of low HPF values
in patients with liver disease and congestive cardiac
failure having low clottable protein values would
be in keeping with a close similarity to fibrinogen,
perhaps indicating identical or closely related
pathways of hepatic synthesis.

Significant differences between HPFand fibrin-
ogen, however, were also encountered. The
changing relationships between HPF and fibrino-
gen values in patients studied serially during dis-
ease appear to support the interpretation that
HPF does not represent the same physiological
entity as fibrinogen itself. During the course of
the acute disease process, both HPF and clottable
protein values were found elevated. The relative
levels of these parameters, however, expressed by
the HPF/fibrinogen ratio, changed during re-

covery in a consistent manner; high ratios of
HPF/fibrinogen in very acute illness returned to
low and normal ratios as recovery progressed.
Elevated HPF levels appeared earlier in acute ill-
ness and fell more rapidly during recovery, in
general, than the clottable fraction levels. An al-
ternative interpretation of the high HPF/fibrino-
gen ratios during acute illness would be that they
reflect marked decrease in the clottability of fibri-
nogen rather than a relative increase in HPF.

Such a hypothesis is neither supported nor ex-
cluded by these data, but deseives further in-
vestigation.

The possibility that HPF may, like fibrinogen,
play a role in the pathogenesis of fibrinoid lesions
has been suggested elsewhere on the basih of ob-
servations in experimental animals (13). The
question as to its participation in the- depositlon of
fibrinoid in human lesions remains a speculative
matter. In some of the conditions characterized
by very high HPFvalues, such as bacterial menin-
gitis, extensive fibrinoid lesions are not commonly
observed at necropsy. The observation of very
low values in the cases of acute disseminated lupus
erythematosus, and in a single instance of poly-
arteritis, with elevated clottable fibrinogen levels,
might be interpreted as indicating that HPF is
being continuously depleted as the fibrinoid de-
posits characteristic of these diseases are being
laid down in various organs. The observation in
the case of polyarteritis of a progressive decrease
in HPF to low levels prior to death, with the de-
velopment of widespread vascular fibrinoid lesions,
would be compatible with this hypothesis. How-
ever, the occurrence of abnormally high levels of
HPF in acute rheumatic fever and rheumatoid
arthritis favors the interpretation that HPFsimply
represents another inexplicable acute phase reac-
tion. Therefore, no interpretations concerning
the role of HPF in disease mechanisms can be
made at the present time. Further investigation
of the problem along these lines would seem
warranted.

SUMMARYANDCONCLUSION

The occurrence in health and disease and the
clinical significance of a protein fraction of human
plasma characterized by cold-insolubility in com-
bination with heparin have been studied by means
of an empirical technique of measurement suffi-
ciently reliable to allow quantitative interpretation
of serial changes in plasma levels. The data al-
low the conclusions that normal individuals have
low levels of the fraction, and that these levels
become greatly increased as a result of most acute
inflammatory or necrotizing diseases. The ap-
pearance of the fraction in increased amounts rep-
resents another reaction in the category of "acute-
phase" phenomena. The data support the other
items of evidence indicating that the fraction may
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fulfill a different physiological role from clottable
protein. The nature of this function is as yet un-
revealed.

ACKNOWLEDGMENT

The author wishes to express appreciation to the Uni-
versity Hospital Pediatric house staff for help in this
study, to Drs. M. D. Olmanson, V. Olmanson, N. Priske,
C. Vauble, R. A. Bridges, Mrs. D. Gellerman, and Miss
A. Pajerski for assistance, and to Dr. Lewis Thomas
for many valuable suggestions.

REFERENCES
1. Smith, R. T., and Von Korff, R. W., A heparin-

precipitable fraction of human plasma. I. Isola-
tion and characterization of the fraction. J. Clin.
Invest., 1957, 36, 596.

2. Thomas, L., Smith, R. T., and Von Korff, R., Cold-
precipitation by heparin of a protein in rabbit and
human plasma. Proc. Soc. Exper. Biol. & Med.,
1954, 86, 813.

3. Weichselbaum, T. E., An accurate and rapid method
for the determination of proteins in small amounts
of blood serum and plasma. Am. J. Clin. Path.,
Tech. Suppl., 1946, 10, 40.

4. Markham, R., A steam distillation apparatus suitable
for micro-Kjeldahl analysis. Biochem. J., 1942,
36, 790.

5. Saifer, A., and Newhouse, A., Photometric micro-
determination of plasma fibrinogen with a throm-
bin-ninhydrin procedure. J. Biol. Chem., 1954,
208, 159.

6. Morrison, P. R., Preparation and properties of se-
rum and plasma proteins. XV. Some factors in-

fluencing the quantitative determination of fibrino-
gen. J. Am. Chem. Soc., 1947, 69, 2723.

7. Anderson, H. C., and McCarty, M., Determination of
C-reactive protein in the blood as a measure of the
activity of the disease process in acute rheumatic
fever. Am. J. Med., 1950, 8, 445.

8. Winzler, R. J., Devor, A. W., Mehl, J. W., and
Smythe, I. M., Studies on the mucoproteins of
human plasma I. Determination and isolation.
J. Clin. Invest, 1948, 27, 609.

9. Ham, T. H., and Curtis, F. C., Plasma fibrinogen
response in man. Influence of the nutritional state,
induced hyperpyrexia, infectious disease and liver
damage. Medicine, 1938, 17, 413.

10. Kelley, V. C., Good, R. A., and Glick, D., Muco-
lytic enzyme systems. XI. Hyaluronidase in-
hibitor and serum mucoproteins in patients with
lipoid nephrosis and acute glomerulonephritis.
J. Clin. Invest, 1950, 29, 1500.

11. Smith, R. T., Bridges, R. A., and Olmanson, M. D.,
A heparin-precipitable fraction of human plasma.
III. Changes in the fraction during pregnancy and
in the newborn infant (being prepared for publi-
cation).

12. Good, R. A., Acute-phase reactions in rheumatic
fever. Rheumatic Fever, A Symposium of the
Minnesota Heart Association. Minneapolis, Uni-
versity of Minnesota Press, 1952, p. 115.

13. Thomas, L., Smith, R. T., and Von Korff, R., Stud-
ies on the generalized Shwartzman reaction. VII.
The role of fibrinogen in the deposition of fibrinoid
after combined injections of endotoxin and syn-
thetic acidic polymer. J. Exper. Med., 1955, 102,
263.

616


