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When nephrosis was recognized as a clinical
entity, an increased concentration of serum cho-
lesterol was observed to be a consistent feature of
the syndrome (1). Later it was found that phos-
pholipid and triglyceride also are increased in
nephrosis (2-5).

The increase in serum lipids in nephrosis is
usually greatest in the cases with the lowest levels
of serum albumin. It has not been established
conclusively, however, that the hyperlipidemia is
caused by hypoalbuminemia, and irregularities in
the relationship between levels of serum lipids
and serum albumin have been pointed out re-
peatedly (2-5). }

After it was recognized that lipids exist in the
serum in the form of lipoprotein macromolecules,
techniques developed for the separation and char-
acterization of proteins were applied to studies
of lipoproteins. An abnormal distribution of cho-
lesterol among the serum protein fractions pre-
cipitated by alcohol was found by Barr, Russ and
Eder (6) in cases of nephrosis. Kunkel and
Slater (7) observed an abnormal pattern of serum
lipoproteins by zone electrophoresis—in part a
result of increased quantities of unesterified fatty
acid bound to the lipoproteins (8)—in nephrosis.
Gofman, Rubin, McGinley and Jones (9) noted
in nephrotic subjects that all classes of lipo-
proteins studied by them in the analytical ultra-
centrifuge (S¢ O to 400) were increased.

In the present study lipoprotein fractions of
sera from patients with nephrosis were isolated
by the technique of ultracentrifugation at various
densities and analyzed for lipids and protein.
Levels of individual serum lipids are correlated
with lipoprotein pattern, and also with serum
lactescence and serum albumin concentration. It
is emphasized that lipoprotein patterns of different
sera may differ greatly even when serum cho-
lesterol levels are the same.

METHODS

Subjects. Forty-four hospitalized patients with nephro-
sis or the nephrotic syndrome were studied. In a ma-
jority of cases the disease was considered to be idio-
pathic. There was one case of systemic lupus erythema-
tosus (N.G.) and one of primary amyloidosis with renal
involvement (M.K.). Symptoms of nephrosis in dif-
ferent cases ranged from severe to mild. Clinical fea-
tures of many of the cases have been described in detail
elsewhere (10). Most of the patients were ambulatory
and were taking food satisfactorily. Sera obtained
during periods of severe complications, experimental
procedures, or therapy (other than sodium restriction
and symptomatic care) were excluded. Likewise, sera
obtained soon after admission to the hospital or soon
after a change in clinical condition of the patient were
excluded if the results were shown by repeated subse-
quent analyses to be aberrant. Results of analyses of 2
or 3 similar sera from the same patient are included in
the tables in some instances but mean values for these
duplicate sera are used in the charts and calculations.
In the case of almost one-half of the patients, 2 or oc-
casionally 3 dissimilar sera obtained in different stages
of the disease, sometimes before and after complete or
partial remissions, are included and counted individually.
In a majority of cases the serum albumin and cholesterol
levels which are recorded were shown by serial deter-
minations to be approximately steady state values. Re-
peated determinations of the other lipids also were made
in more than one-half of the cases.

Blood samples and analytical procedures. Blood speci-
mens were taken by venipuncture about 7:30 a.m. after
an overnight fast. Analyses of whole sera for lipids
were made by methods previously employed in this
laboratory (11, 12), using ethanol-acetone for extraction
of lipids in the analyses done prior to 1956 and chloro-
form-methanol (13) in the more recent analyses. Total
lipid was determined by the method of Bragdon (14),
free and total cholesterol by the Schoenheimer-Sperry
method (15), and lipid phosphorus by a modification of
the method of Stewart and Hendry (16). Phospholipid
was calculated as lipid phosphorus times 25. Triglyceride
was calculated by difference (14), with a correction for
interference by nonlipid substances in cases of extracts
made with ethanol-acetone (13). Serum albumin was
determined by a modification of the dye interaction
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TABLE 1
Serum lipoprotein fractions studied

Electrophoretic
mobility
Density Lipoprotein fraction (starch)
<1.019 Very low density as—PB
S¢ > 10 Globulin
<1.006 St > 17
1.006-1.019 St 10-17
1.019-1.063 Low density B
St 0-10 Globulin
1.063-1.21 High density ay
Globulin
>1.21 Residual serum components including pro-

teins, unesterified fatty acid (boqu to al-
bumin), and a phosphorus-containing sub-
stance soluble in ethanol-acetone.

method of Rutstein, Ingenito and Reynolds (17), and
checked in some cases by electrophoresis.

Lipoprotein fractions of the sera were isolated by
preparative ultracentrifugation at various densities fol-
lowed by separation of the supernatant from the infra-
natant material by slicing of the tubes (18). For this
purpose 5 ml aliquots of sera were adjusted successively
to densities of 1.019, 1.063, and 1.21 by addition of solu-
tions of sodium chloride and potassium bromide and
centrifuged at 105,000 X G at 15° C in the no. 40 rotor of
a Model L Spinco ultracentrifuge for 18, 24, and 48
hours successively (11, 12). In some cases an addi-
tional (initial) fractionation at density of 1.006 (D
1.006) was made, after dilution of the sera with 0.15 M
sodium chloride solution. The equivalent fractions ob-
tained by other methods are shown in Table I. Protein
was determined directly or after extraction of the frac-
tions with ethanol-acetone by a biuret method (19) or
by the method of Lowry, Rosenbrough, Farr and Randall
(20). Lipids in the fractions were determined as de-
scribed above for whole serum. The recoveries of cho-
lesterol and phospholipid in the lipoprotein fractions
averaged about 95 per cent of the quantities in the. origi-
nal sera. Triglyceride values for the D 1.019-1.063 and
D 1.063-1.21 fractions are not shown but may be cal-
culated approximately by assuming, respectively, that
25 and 17 per cent of total cholesterol was free.

The lipids and lipoprotein fractions in sera of normal
young adults have been studied previously using the
methods employed in this study (11-13). These normal
values are utilized as a standard of reference for the
present results. Ages of the patients varied but the
abnormalities in lipid values were so great that normal
variations with age were relatively unimportant.

RESULTS
Serum lipids

The sera are divided into two categories on the
basis of total cholesterol (TC) concentration:
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Category A with definitely increased lipids (TC >
350 mg per 100 ml), and Category B with normal
or only slightly increased lipids (TC < 300 mg
per 100 ml). Results of analyses of sera of Cate-
gory A are shown in Table II. Except for minor
rearrangements in order to place together similar
(duplicate) sera from the same patients, the sera
are listed in order of decreasing concentrations of
triglyceride. In listing the sera in this manner
they are also arranged approximately in order of
decreasing lactescence. For convenience of dis-
cussion, the sefa of Category A are subdivided
into four successive groups (Groups 1, 2, 3 and
4). The description of the lipid and lipoprotein
abnormalities which follows is based principally on
observations on these sera.

The results of analyses of sera of Category B—
those with normal or slightly increased lipids—
are shown in Table III. Some of these sera were
obtained from patients with proteinuria of mod-
erate degree (Group 5) and others were taken
during periods of partial or complete remission of
the disease with little or no proteinuria (Group
6). These slightly abnormal sera are included
to complete the picture of the lipid alterations in
nephrosis and to extend the range over which
values of serum lipids and serum albumin may be
correlated. The division of all the sera of the
study into categories and groups is shown graphi-
cally in Figure 1, and mean results of analyses of
the sera of the various groups are presented as
multiples of normal values (11, 12) in Figure 2.

Total cholesterol concentration as already noted
was above 350 mg per 100 ml in all sera of Cate-
gory A. Mean TC was greatest in Group 1 and
progressively less in the other groups. The range
of values in all groups of Category A overlapped,
however, and mean values for Groups 2, 3 and
4 were not greatly different. Free cholesterol
(FC) in all sera was increased at least in pro-
portion to the increase in TC, and in the lactescent
sera a greater than normal fraction of total cho-
lesterol was free. Phospholipid (PL) was in-
creased whenever TC was increased but to a lesser
degree; the ratios of TC/PL were greater than
normal in all sera with increased lipids and were
greatest in the sera with the greatest concentra-
tions of TC (Figure 3). Values of TC/PL were
correlated on average with the degree of lactes-
cence of the sera but the relationship was in-
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TABLE II
Data on sera of Category A, with total cholesterol greater than 350 mg per 100 ml

Serum Age and
no. Patient sex Date TC* PL* TG* TL* FC/TC TC/PL TC/TG Albumin
mg/100 ml 8/100 ml
Approx. normal values for young adults 179 226 100 580 0.25 0.79 1.8 4.0
Group 1 (very lactescent)

1 {) H. 2M 11/15/54 677 620 3,820 5,439 0.30 1.09 0.2 0.6

2 . B, 2F 10/12/54 1,058 1,064 3,220 5,817 0.34 0.99 0.3 0.4

3 S. S. 33 M 2/15/55 1,522 942 3,210 6,409 0.29 1.63 0.5 0.8

4 L.G. 29 M 2/25/55 1,234 785 2,440 5,063 0.28 1.57 0.5 0.6

S W. T. 10 M 7/ 5/57 878 671 2,103 4,070 0.30 1.31 0.4 0.5

6 W. T. 10M 6/12/57 774 650 2,074 3,872 0.29 1.19 0.5 0.5

7 C. D. 7F 2/15/56 1,174 848 2,377 4,966 0.29 1.39 0.5 0.4

8 C. P 6 M 7/29/55 1,293 968 2,359 5,253 0.28 1.34 0.5 0.9

Mean 1,112 841 2,788 5,274 0.30 1.32 0.4 0.60
Group 2 (lactescent)

9 R. B. 6 F 4/ 1/58 698 641 1,204 2,885 0.28 1.09 0.6 0.7
10 R. B. 6F 4/ 7/58 659 559 1,151 2,687 0.29 1.18 0.6 0.8
11 J.S. 4M 7/21/58 693 552 1,111 2,686 0.30 1.25 0.7 0.6
12 J.S. 4 M 7/24/58 736 552 950 2,595 0.29 1.33 0.7 0.6
13 F.G. 45 M 2/10/59 659 633 1,059 2,653 0.33 1.04 0.6 1.0
14 N. G. 45 F 3/11/58 405 410 739 1,746 0.30 0.99 0.6 2.2
15 N.G. 45 F 2/24/58 402 396 581 1,570 0.30 1.01 0.7 2.3
16 C.T. 36 M 7/22/57 639 456 825 2,233 0.28 1.40 0.8 0.8
17 C.T. 36 M 7/10/57 628 469 700 2,096 0.30 1.34 0.9 0.9
18 C.T. 36 M 7/20/57 620 458 694 2,075 0.28 1.35 0.9 0.9
19 G. W. 13M 7/17/58 868 619 627 2,545 0.27 1.40 14 0.3

Mean 659 545 882 2,403 0.29 1.21 0.8 0.97

Group 3 (slightly lactescent)

20 W. G. 61 M 2/15/56 755 523 583 2,365 0.29 1.44 1.3 0.8
21 0. H. 41 M 2/ 6/55 588 497 570 1,955 0.25 1.18 1.0 1.1
22 K. R. 14 M 10/ 3/57 703 537 551 2,140 0.27 1.31 1.3 0.7
23 J.J.S. IM 9/ 9/58 427 379 485 1,494 0.30 1.12 0.9 1.1
24 E. 'W. 50 M 2/25/55 857 691 480 2,443 0.29 1.24 1.8 0.9
25 R. S. 5M 3/12/57 710 602 432 2,106 0.25 1.18 1.7 0.8
26 R.S. SM 2/28/55 682 592 390 2,021 0.23 1.21 1.6 0.6
27 D. Z. 19M 7/10/56 369 353 427 1,330 0.28 1.04 0.9 1.6
28 R. B. 6F 5/12/58 502 462 414 1,630 0.26 1.09 1.2 1.0
29 M. K. 54 M 2/15/56 556 475 409 1,722 0.28 1.17 14 1.6
30 F.F. 30F 11/25/54 471 419 400 1,424 0.27 1.12 1.2 1.0
31 M. H. 27F 9/16/58 430 404 386 1,419 0.32 1.06 1.1 1.3
32 W. T. 10M 3/ 1/58 409 347 370 1,335 0.25 1.18 1.1 1.5
33 M. D. 6 M 3/13/56 566 481 348 1,616 0.26 1.18 1.6 2.0
34 A.R. 7M 1/ 7/58 590 477 331 1,695 0.26 1.24 1.8 0.8
35 0. C. 68 M 2/24/58 378 377 324 1,269 0.26 1.00 1.2 1.2
36 B. G. 16 F 8/ 3/54 354 354 320 1,208 0.25 1.00 1.1 1.2
37 K. R. 14 M 9/19/57 1,053 700 294 2,591 0.24 1.50 3.6 0.8
38 F. N. 65 M 1/27/59 625 479 266 1,508 0.27 1.30 24 1.0

Mean 574 475 409 1,734 0.27 1.19 1.5 1.13

Group 4 (clear)

39 {”W. 3M 2/24/54 364 320 218 1,083 0.27 1.14 1.7 2.8
40 . T. 1M 2/26/58 459 366 205 1,270 0.23 1.26 2.2 1.2
41 J. M. 4F 3/21/57 590 464 199 1,554 0.25 1.27 3.0 1.9
42 S. S. 35 M 3/25/57 379 399 197 1,171 0.24 0.95 1.9 2.5
43 S. S. 34 M 2/15/56 604 457 189 1,546 0.28 1.32 3.2 2.3
44 L. N. 21 F 6/27/55 464 368 189 1,245 0.28 1.25 24 1.0
45 E.G. 4 M 2/10/54 438 352 186 1,202 0.24 1.24 24 1.5
46 D. P. 3M 4/ 5/57 703 514 174 1,747 0.24 1.37 4.0 0.9
47 F.F. 32F 5/23/56 468 384 172 1,269 0.23 1.22 2.7 1.7
48 E. T. I9M 2/ 4/54 469 394 170 1,285 0.21 1.19 2.8 1.2
49 E. T. 9 M 1/25/54 518 391 145 1,325 0.23 1.32 3.6 1.6
50 M. E. H. SF 4/ 9/57 678 499 169 1,683 0.27 1.36 4.0 1.2
51 M. C. 14F 8/22/56 676 538 158 1,703 0.28 1.25 4.3 0.6
52 S. J. 1SM 6/26/58 373 325 140 1,030 0.24 1.15 2.7 2.8
53 A.R. 4 M 5/18/55 533 493 160 1,476 0.20 1.08 3.3 1.6
54 A.R. 4 M 4/20/55 586 479 120 1,500 0.21 1.22 4.0 2.0
55 C.T. 36 M 10/23/57 357 310 141 992 0.24 1.15 2.5 2.7
56 H. B. S50 M 10/29/58 432 383 132 1,165 0.26 1.13 3.3 1.3
57 0. H. 41 M 7/ 3/56 351 359 75 971 0.22 0.98 4.7 2.3
58 L. N. 21 F 8/16/55 434 378 36 1,072 0.24 1.15 12,5 1.2

Mean 490 404 158 1,302 0.25 1.20 3.7 1.69

* TC = total cholesterol; PL = phospholipid; TG = triglyceride; TL = total lipid.
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TABLE HI
Data on sera of Category B, with total cholesterol less than 300 mg per 100 mi *

Serum Age and
no. Patient sex Date TC PL TG TL FC/TC TC/PL TC/TG Albumin
mg/100 ml 2/100 ml
Group 5
59 R. T. 34 M 5/19/58 266 330 495 1,220 0.29 0.81 0.5 2.8 .
60 M. F. 17F 5/19/58 269 249 106 761 0.25 1.1 2.5 2.4
61 M. F. 17F 5/27/58 193 225 161 676 0.26 0.86 1.2 2.3
62 W. T. 10 M 10/16/57 189 219 141 645 0.25 0.86 1.3 3.1
63 M. C. 14F 3/ 8/57 285 268 142 836 0.27 1.1 2.0 2.4
64 M. C. 14 F 4/30/57 263 260 110 766 0.26 1.0 2.4 2.5
65 C.R. 30M 1/ 9/57 232 222 104 672 0.28 1.0 2.2 2.6
66 E.T. I M 5/ 8/54 209 214 107 668 0.27 0.98 2.0 29
67 C.D. 7F 7/11/56 286 288 95 817 0.24 0.99 3.0 2.2
68 R. Q. 3M 12/18/56 292 282 70 795 0.24 1.0 4.2 3.2
Mean 247 257 159 792 0.26 0.97 2.2 2.711
Group 6
69 . R.K. ™™ 5/23/56 183 247 267 793 0.23 0.74 0.7 3.5
70 R. K. 7™M 8/15/56 178 220 204 692 0.26 0.81 0.9 3.3
71 D. B. 3F 10/12/55 241 231 192 785 0.26 0.92 1.2 3.4
72 L. G. 30M 7/11/56 218 220 190 740 0.25 0.99 1.1 3.9
73 C.]J. 2F 2/ 2/55 174 214 160 638 0.24 0.81 1.1 4.1
74 K. R. 14 M 12/ 9/57 184 223 144 644 0.25 0.83 1.3 3.8
75 E. W. 51 M 7/25/56 229 213 105 669 0.21 1.1 2.2 4.0
76 E. K. 2F 6/20/56 178 211 92 571 0.25 0.84 1.9 3.8
77 J. W. 30M 7/11/55 262 254 86 734 0.26 1.0 3.0 3.9
78 R. S. 4 M 6/ 6/56 188 219 83 584 0.27 0.86 2.3 3.5
79 R. Q. 2M 9/ 7/55 193 194 75 568 0.19 1.0 2.6 4.0
80 A. R. SM 2/26/56 172 190 72 522 0.21 0.91 2.4 3.8
81 E. G. 46 M 5/29/56 189 250 76 607 0.27 0.76 2.5 3.3
82 E. G. 46 M 7/11/56 222 252 57 649 0.22 0.88 3.9 3.2
Mean 202 221 125 652 0.24 0.91 1.9 3.74

* For abbreviations, see footnote to Table I1.
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consistent among the individual sera. Lactescence
was related to the ratio of total lipid (TL) to
PL, as noted by Ahrens and Kunkel (21), and
less regularly to TL/TC. Lactescence also was
related to the level of triglyceride, which explains
in part the relationship of lactescence to TL/PL
and to TL/TC.

While TC and PL were clearly in excess of
normal in all sera of Groups 1 through 4 with
some similar concentrations in each group, tri-
glyceride (TG) ranged from very high levels
in Group 1 to approximately normal levels in
Group 4, with distinctly different ranges of val-
ues in the different groups. Ratios of TC/TG
varied from a fraction of normal in Group 1 to
several times normal in Group 4, and, among
sera with TC concentrations in the vicinity of 700,
concentrations of TG ranged all the way from
120 to 3,820 mg per 100 ml. All of the lipids
increased together on average but the relation-
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ship between TC and TG was very irregular as
may be seen in Figure 1. Thus there were quali-
tative as well as quantitative differences in the
lipids in the different sera. These qualitative
differences were related to differences in lipopro-
tein pattern which are discussed below.

Relationship between serum lipids and serum
albumin

The concentrations of the various classes of
lipids in the sera are shown in relation to the
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corresponding concentrations of serum albumin
in Figures 4 through 6. It is evident that inverse
correlations existed in each case. The relation-
ships were approximately hyperbolic, with the
lipids, particularly triglyceride, increasing sharply
as albumin decreased below levels of about 1 g per
100 ml. Reciprocals of total cholesterol and of
phospholipid concentrations were associated line-
arly with albumin concentrations with correlation
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coefficients (R) of at least + 0.90. The relation-
ship between triglyceride and albumin was less
regular, and more suggestive of the importance
of a critical concentration of albumin. The rela-
tionship between total lipid and albumin re-
sembled in form and regularity the relationship
between TC or PL and albumin more closely than
it resembled that between TG and albumin.

Serum lLipoproteins

The lipoprotein fraction which was isolated in
the top portion of the tubes by centrifugation of
the sera at a density of 1.019 included all of the
lactescent material of the sera. The lipoproteins
which were subsequently separated at D 1.063
were clear and often yellow, and those separated
at D 1.21 were clear and only slightly colored.
Results of analyses of the lipoprotein fractions
from sera of each of the four groups of Category
A are shown in Table IV. The mean results
are expressed as multiples of normal values (11,
12) in Figure 7.

D < 1.019 lipoproteins. Concentrations of the
very low density lipoproteins were greatly in-
creased in the lactescent sera of Group 1, moder-
ately increased in sera of Groups 2 and 3, and
only slightly above normal in the clear sera of
Group 4.

This fraction varied from group to group in
composition as well as in quantity. It contained
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most of the excess triglyceride of the sera, but
its cholesterol (in all groups) and phospholipid
(in all but the first group) were increased at least
in proportion to the increase in triglyceride. Ra-
tios of TC/PL for the fraction Were greater than
normal in all serum groups, greatest in Group 1
and least in Group 4. The quantity of protein in
the fraction, like that of the lipids, was greatest
in Group 1 and progressively less in the other
groups. Concentrations of protein in Groups 2
through 4 are not presented because of some ir-
regularly large values. The patterns of lipo-
proteins (according to density) within this heter-
ogeneous fraction and the composition of different
portions of the fraction were not investigated ex-
tensively. Results of a subfractionation are dis-
cussed in a later section.

D 1.019-1.063 lipoproteins. In contrast to the
trend of the D < 1.019 lipoproteins described
above, there was a stepwise increase in quantity
of the D 1.019-1.063 fraction from Group 1 to
Group 4. This medium-density fraction was near
normal concentration in Group 1, irregularly in-
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The normal values are shown in Table IV.
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TABLE IV
Data on lipoprotein fractions of four groups of sera with increased lipids *

Lipoprotein fraction
S D <1.019 D 1.019-1.063 D 1.063-1.21
rum
no. TC PL TG FC/TC TC/PL TL TC PL P TC/PL TL TC PL P TC/PL

mg/100 ml of serum mg/100 ml of serum mg/100 ml of serum
Approx.
normal
values. . ... 23 28 78 037 0.82 265 103 74 70 1.39 190 49 101 170 0.48
Group 1 ‘
1 609 482 (3,700)1 1.27 52 86 96 0.61 16
2 907 791 (3,100) 1.15 90 87 1.03 82
3 1,247 699 (3,100) 1.79 98 99 109 0.99 46 85 121 0.54
4 1,023 591 (2,300) 1.73 78 81 96 0.96 21 55 120 0.38
5bi 624 527 2,485 0.37 1.18 265 63 75 53 0.84 104 19 47 91 0.40
Sa 655 535 2,422 035 1.22 265 54 62 95 0.87 69 9 17 56 0.41
5 778 527 2,021 0.31 1.47 281 77 67 128 1.15 99 17 37 95 0.46
Mean 894 619 2,901 0.34 1.45 270 77 84 103 091 91 36 58 107 0.45
Group 2
9 386 361 1,047 0.34 1.07 503 184 131 170 1.40 165 32 51 136 0.63
11 412 336 1,013 0.34 1.22 651 216 164 219 1.32 53 9 22 31 041
12 406 278 876 0.31 1.46 548 203 142 198 1.43 67 11 22 65 0.50
13 404 379 903 035 1.07 685 212 190 187 1.11 80 12 30 51 040
14 244 222 590 0.35 1.10 309 96 80 134 1.20 119 28 48 146 0.58
15 237 222 522 0.35 1.07 313 115 87 125 1.32 71 13 32 89 041
16 507 341 799 031 149 322 103 83 61 124 116 24 47 119 0.51
18 388 289 613 0.28 1.34 280 76 67 82 1.13 104 20 32 96 0.63
Mean 371 317 831 0.33 1.20 480 160 127 153 1.27 102 19 37 92 0.51
Group 3
21 326 236 1.22 229 184 177 1.24 33 60 107 0.55
22 378 291 466 0.27 1.30 563 199 148 167 1.34 111 26. 39 97 0.67
24 210 153 1.37 604 420 351 144 57 82 157 0.70
25 132 119 238 0.3t 1.11 1,260 486 333 347 1.40
26 234 202 1.16 333 232 221 1.43 54 99 195 0.55
28 133 144 286 0.37 0.92 727 306 201 198 1.52 143 23 70 141 0.33
30 208 156 1.33 201 144 135 140 47
35 100 120 346 0.35 0.83 505 207 141 175 1.62 104 21 47 126 045
Mean 220 180 334 033 1.16 764 308 217 212 143 119 37 66 137 0.54
Group 4
40 72 62 91 0.26 1.16 687 282 183 213 1.49 161 48 62 182 0.79
41 68 57 94 0.28 1.19 1,000 415 270 308 1.57 320 102 125 307 0.82
42a 23 28 8 0.35 0.82 535 219 146 200 1.50 226 68 105 222 0.64
46 48 49 109 0.29 0.98 1,236 541 333 376 1.62 268 97 102 226 0.95
50 64 62 125 031 1.03 1,295 520 343 347 1.53 155 49 76 164 0.64
52a 115 104 148 0.2 1.11 342 135 96 107 1.41 128 26 57 139 0.46
53 40 35 1.14 346 255 181 1.36 81 175 288 0.46
54 60 48 1.25 . 382 251 228 1.52 85 137 275 0.62
55 61 65 146 0.30 0.94 458 185 122 156 1.51 139 30 55 155 0.55
Mean 63 59 114 029 1.05 793 332 218 239 1.51 200 63 92 210 0.67

* For abbreviations, see footnote to Table II.
1 The values in parentheses are approximations based on serum triglyceride values. .
1 The addition of a letter to a serum number indicates a different but similar serum from the same patient. The

TL values here are calculated as milligrams of dichromate reduced divided by 17.7.

creased in Group 2, and more substantially in- ues in Group 1 to greater than normal values in
creased in Groups 3 and 4. Group 4. Concentrations of total lipid instead of

The composition of this fraction varied. Ra- triglyceride of this and the D 1.063-1.21 frac-
tios of TC/PL ranged from less than normal val- tions are presented because of the large errors
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that may occur in calculating values of the rela-
tively small TG component by difference. In
cases of lactescent sera, it appeared that TG was
increased relative to the other lipids of these
fractions.

D 1.063-1.21 lipoproteins. The high density
lipoproteins were below normal in Groups 1, 2 and
3, and above normal on average in Group 4.
Ratios of TC/PL in the fraction were greater
than normal, particularly in Group 4. The high
cholesterol values in a few of the sera of Group
4 suggest the possibility of incomplete separation
of lipoproteins of lower density.

D > 1.21 “lipid phosphorus.” The quantity of
ethanol-acetone soluble phosphorus remaining in
the infranatant solution after centrifugation of the
sera at D 1.21 varied considerably within each
group, with no consistent difference from one
group to another. The values in terms of phos-
pholipid (P X 25) ranged from 5 to 25 mg per
100 ml of serum with a mean of 15 mg per 100
ml, compared with a normal range of 15 to 27
mg per 100 ml (11). The infranatant solution
in the few cases analyzed was found to contain less
than 3 mg of cholesterol per 100 ml of serum.

Summarizing the principal lipoprotein altera-
tions in the different groups of sera with in-
creased lipids, the lipoproteins of D < 1.019 were
excessive in Group 1, both the D < 1.019 and the
D 1.019-1.063 fractions were moderately in-
creased in Groups 2 and 3, and principally the
D 1.019-1.063 fraction was increased in Group 4.
The D 1.063-1.21 fraction was diminished in
Groups 1 through 3. It is evident that the previ-
ously discussed differences in serum triglyceride
and in TC/TG (and also in TC/PL and PL/
TL) in the different groups of sera were related
to these differences in pattern of lipoproteins.

Different patterns of lipoproteins were also
observed among the sera with slightly increased
lipids (listed in Table IIT), as might be expected
from the differences in TG levels and TC/TG
ratios. The very low density lipoproteins were
considerably above normal in serum no. 59. In
most of the other sera, however, the lipoprotein
abnormalities were not impressive.

Very low density lipoproteins and lactescence.
The D < 1.019 lipoprotein fraction which in-
cluded a broad spectrum of lipoproteins was di-
vided in some cases into D < 1.006 and D 1.006-
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TABLE V
Data on very low density lipoprotein fractions *

D < 1.006 D 1.006-1.019
Serum Serum
no. lactescence TC PL TG - TC PL TG
mg/100 ml of serum

Sa ++4++ 629 503 2,351 26 32 11

9 +++ 366 339 1,047 20 22 38
12 +4++ 360 236 876 46 68 116
13 ++ 227 208 573 17 14 18
15 ++ 185 177 458 52 45 64
18 ++ 341 244 518 47 45 95
22 + 257 199 373 121 92 93
59 + 118 125 352 24 23 33
28 + 89 104 237 4 40 49
35 -+ 51 72 270 49 47 76
40 - 53 47 74 19 15 17
xxt - 32 28 54 179 148 109
52a - 42 36 63 73 68 85

* For abbreviations, see footnote to Table .
t This serum was obtained during an acute infection and
is not included elsewhere.

1.019 subfractions. The D < 1.006 portion con-
tained the lactescent material, and the degree of
lactescence of the sera was related to the quantity
and triglyceride content of this portion. Results
of analyses of lipids in the two subfractions are
shown in Table V. The protein content of the
D < 1.006 fraction was very low in proportion
to lipid, considerably lower than that of the
D 1.006-1.019 fraction, particularly in cases of
lactescent sera. Lactescence appeared to be a
result of the presence of lipoproteins of very low
density which were high in triglyceride and low
in protein.

Factors influencing lipoproteins

It is evident from data already presented that
the quantity of serum lipoproteins and the lipo-
protein pattern (variations of which were re-
flected in differences in serum TG and TC/TG)
bore a relation to the degree of hypoalbuminemia
which in general was a good index of the severity
of the nephrotic syndrome. The lipoprotein pat-
tern in particular was also influenced by other
factors, as is indicated by the irregular rela-
tionship between triglyceride and albumin. There
were relatively great day to day variations in tri-
glyceride values even when conditions were ap-
parently stable. The lipid relationships in some
cases were altered by hospitalization without spe-
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cific therapy or changes in the disease. Changes
in diet, glucose infusions (22), albumin infusions
(23), or steroid therapy often resulted in changes
in concentrations of individual lipids and in lipo-
protein pattern. A large decrease in all lipids,
particularly in triglyceride, occurred within 48
hours in one case, during an acute infection com-
plicated by vomiting and diarrhea. Several el-
derly patients with nephrosis complicated by
other diseases (especially malignancies) had un-
usually low levels of lipids. An attempt was
made to eliminate, in so far as possible, the ef-
fects of these various complicating factors in the
present study. ‘
Lipoprotein pattern seemed to differ some-
what from patient to patient, presumably due to
differences in endocrine and metabolic regulation,
even when the disease state and the environmental
factors discussed above were similar. The same
pattern recurred during successive relapses of the
disease in some individual patients, and the pat-
terns often remained relatively constant for pe-
riods of weeks or months. The patterns, of
course, changed from time to time in a majority
of the cases, usually in relation to changes in the
disease but sometimes without apparent cause.
The magnitude and pattern of the lipid alterations
often changed as renal insufficiency developed,
possibly as a result of the decrease in proteinuria.

DISCUSSION

It is generally recognized that hyperlipidemia
of considerable degree occurs more consistently in
nephrosis or in the nephrotic syndrome than in
types of renal disease not associated with marked
proteinuria or hypoalbuminemia. From this and
other evidence (24) it has been suspected that the
lipid disturbance in nephrosis may be causally re-
lated to the deficiency of albumin, though some
contrary evidence has been presented by Hey-
mann, Nash, Gilkey and Lewis (25). The ques-
tion is complicated by the irregular relationships
among the individual lipids themselves, and even
if deficiency of albumin is an important cause of
the lipid disturbance, it may be that deficiency of
other proteins of relatively small molecular size
and possibly other entirely different disturbances
also play a part. The present observations con-
firm the existence of a relationship between the

463

levels of the serum lipids and serum albumin in
nephrosis but indicate no more than the possibility
that the hyperlipidemia is caused by hypoal-
buminemia.

As already noted, levels of triglyceride were
related irregularly to those of cholesterol and
phospholipid, reflecting differences in lipoprotein
pattern among the different sera. Total serum
cholesterol and phospholipid were increased when-
ever albumin was decreased but triglyceride was
regularly increased only when levels of serum al-
bumin were very low. It is evident from these
observations that the mechanisms regulating the
concentrations of triglyceride were not identical
with those governing the other lipids.

Serum triglyceride level was a good index of
the quantity of very low density lipoproteins in
the serum, and, in accord with the observations of
Albrink, Man and Peters (26), was correlated
with the degree of lactescence of the serum. To-
tal serum cholesterol was not always an equally
good index of the quantity of D 1.019-1.063 lipo-
proteins, which normally contain the major por-
tion of serum cholesterol, because of the large
amount of cholesterol sometimes present in the
D < 1.019 lipoprotein fraction. Reasonably ac-
curate estimates of the lipoprotein pattern could
be made from a knowledge of both cholesterol
and triglyceride levels, or from cholesterol level
and the appearance of the serum, but not from
cholesterol level alone.

Rosenman, Byers and Friedman (27), from
studies on experimental nephrosis in rats, postu-
lated that an accumulation of triglyceride due to a
disturbance in the clearing mechanism is the pri-
mary lipid alteration in nephrosis, and that cho-
lesterol and phospholipid accumulate passively
as a result of trapping by the triglyceride. Lipo-
proteins were not studied. It appeared in the
present study that an increase in cholesterol often
occurred in the absence of any significant increase
in triglyceride. Evidence of a decreased rate of
conversion of S; 10 to 400 lipoproteins to those
of higher density (S 3 to 9) was observed in
children with nephrosis by Gitlin and associates
(28). This mechanism might explain in part
the occurrence of sera of the Group 1 type with
increased D < 1.019 lipoproteins, but other (per-
haps earlier) disturbances must be present to
account for increased levels of cholesterol, phos-
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pholipid, and D 1.019-1.063 lipoproteins in sera
such as those of Groups 3 and 4. Knowledge of
the biochemical basis of these disturbances is
scant.

The composite picture of the lipoprotein altera-
tions in nephrosis which is suggested by this
study may be summarized as follows. When
nephrosis of mild to moderate degree develops,
there is an increase in lipoproteins of D 1.019-
1.063 and consequently in serum cholesterol
and phospholipid, often accompanied by little
change from normal in D < 1.019 lipoproteins.
As the syndrome becomes more severe, the quan-
tity of D < 1.019 lipoproteins usually becomes
progressively greater and is reflected in an in-
crease in serum triglyceride and lactescence. At
the same time, the D 1.019-1.063 lipoproteins fall
toward or even below normal. Serum cholesterol
and phospholipid continue to increase, but come
to be present principally in the D < 1.019 instead
of the D 1.019-1.063 fraction.

The reason for the inverse relationship between
quantities of the D < 1.019 and the D 1.019-
1.063 fractions is not clear. A decrease in the
D < 1.019 fraction and a simultaneous increase
in the D 1.019-1.063 fraction have been observed
to occur early in remissions of the disease in-
duced by steroid therapy and during the course of
repeated albumin infusions. Reciprocal changes
in the fractions in the opposite direction some-
times occurred during prolonged infusions of
glucose (22). The reciprocity between the frac-
tions probably is not limited to nephrosis but is
seen also in some other diseases. The decrease in
one fraction as the other increased suggested the
possibility of an interaction between lipoproteins
of different densities in the serum. The relation-
ship between the fractions seems to be metabolic,
however, for in preliminary studies no change
in quantity or composition of the fractions was
noted when D < 1.019 and D 1.019-1.063 lipo-
proteins were mixed in various proportions and
again separated at a density of 1.019 (29).

SUMMARY

1. Sera obtained periodically from 44 hospital-
ized patients with uncomplicated nephrosis (ne-
phrotic syndrome) were analyzed for albumin,
lipids, and, in many cases, lipoproteins.
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2. Concentrations of total serum cholesterol,
phospholipid, triglyceride, and total lipid were
related inversely and nonlinearly to serum albumin
levels. The relationship between triglyceride and
albumin was less regular than that of the others,
and the form of the relationship was different.

3. Pattern as well as total concentration of lipo-
proteins differed among the different sera with
increased lipids. Either or both of the D < 1.019
and the D 1.019-1.063 lipoprotein fractions were
abnormally large; however, these two fractions
usually were not greatly increased simultaneously.
Principally the D 1.019-1.063 lipoproteins were
increased in a majority of cases of nephrosis
without great deficiency of serum albumin. Se-
vere nephrosis usually was characterized by high
levels of the D < 1.019 lipoprotein fraction, often
with near normal D 1.019-1.063 lipoproteins and
subnormal high density (D 1.063-1.21) lipo-
proteins. Abnormalities were also noted in com-
position of the lipoprotein fractions.

4. Serum cholesterol and phospholipid were
increased whenever the lipoproteins were in-
creased, since both the D < 1.019 and D 1.019-
1.063 lipoprotein fractions were rich in these
lipids. Serum triglyceride and lactescence were
increased appreciably only in sera with increased
quantities of D < 1.019 lipoproteins.
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CORRECTION

In the paper entitled “Water and Electrolyte Studies in
Cholera” by Watten, Morgan, na Songkhla, Vanikiata and Phillips
(J. clin. Invest. 1959, 38, 1879), the osmolarity values in Tables
IT and III were erroneously “corrected” according to Eisenman’s
formula on page 1881 of the paper.



