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Peptidemia is a recurring concept of pathological
chemistry which never has been either completely
established or disproved. In a literature of about
100 papers only a few studies have been based
upon methods which characterized the component
measured as amino acids in conjugated forms.
The reported studies appear to indicate that inter-
mediate protein degradation products frequently
enter the blood in disease, so much so as to deprive
their determination of diagnostic value.

Schweriner in 1920 (1) reported little if any
peptides in mercuric chloride filtrates of normal
blood but substantial amounts in neoplastic disease
and in some types of liver disease. Blau (2)
found elevated peptide nitrogen (1 to 8 mgm. per
cent) in the blood in a number of diseases includ-
ing 9 cases of hypertension. Becher and Herrman
(3) found normal levels in carcinoma but high
levels in severe renal insufficiency. Martens (4)
reported concentrations of 8 to 13 mgm. per cent
in severe hepatic and renal disease. Polonovski
and Driesens (5) claimed that blood polypeptides
were increased by as much as 4 times postopera-
tively, reaching a maximum 5 or 6 days after
surgery. Hannaert and Wodon (6), Kalmykoff
(7), Kotschneff (8), London and Kotschneff (9),
and Martens (10) have reported evidence to show

1 Certain difficulties in terminology must be considered.
The investigations reviewed here, and the present study
as well, measured not peptides but amino acid conjugates
which yield free amino acids upon hydrolysis. Although
these conjugates usually have been supposed to be pep-
tides, they may include proteins or such substances as
hippuric acid. For simplicity we are using the inexact
terms "peptides" and "peptide" nitrogen for these con-
jugates as determined by the procedures described here.
Note that the ninhydrin method used by us yields all of
the a-amino groups of a typical peptide as "peptide" ni-
trogen, none as free a-amino nitrogen, although one (the
terminal) of these amino groups is not involved in a
peptide bond. With the nitrous acid method, on the
other hand, a dipeptide, for example, would yield one of
its amino groups as free and the other as conjugated.

that ingested proteins were absorbed into the portal
circulation partially as peptides and that the pep-
tide content of the blood was modified upon flowing
through the liver.

The principal ideas as to the clinical significance
of peptidemia may be classified as follows:

1. That peptidemia is characteristic of neoplastic
disease.

2. That peptidemia occurs after surgery or
trauma or in certain types of shock, presumably
because during increased protein catabolism, inter-
mediate protein split-products may be released into
the blood stream. This does not necessarily fol-
low. Only slight increases of blood peptides were
observed in proteose intoxication ( 11 ) and in
histamine shock (12) although protein catabolism
was strongly accelerated. "Peptide intoxication"
as a humoral syndrome occurring after surgery,
trauma or burns, proposed by Polonovski and
Driessens (5), has been supported by several in-
vestigations. Postoperative peptidemia has been
suggested as a precipitating factor in intravascular
clotting (13).

3. That peptidemia occurs in hepatic disease,
presumably because of the loss of a supposed he-
patic function of clearing peptides from the blood.

4. That protein degradation products in the
blood stream may be toxic and etiological agents
in a number of diseases, including:

(a) hypertension (2, 14),
(b) toxemias of pregnancy (15),
(c) intestinal strangulation.

Whipple, Rodenbaugh, and Kilgore (16) con-
cluded that the toxic agent accumulating in closed
intestinal loops was a primary heteroproteose.
De Negri (17) reported that ligature of the me-
sentric arteries of dogs gave large increases of
blood polypeptides. His analytical method was
not specific, however. We have not considered
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here the numerous other studies which have at-
tempted to measure peptides by the difference in
content of nitrogen (or of substances chromogenic
with Folin's phenol reagent) in 2 types of fil-
trates of blood.

Even among those studies which have employed
methods possessing some degree of specificity for
conjugated amino acids, highly inconsistent re-
sults have been obtained for the normal levels of
blood. These results have been tabulated else-
where (18) together with a brief statement of the
methods employed. Three factors have reduced
largely the validity of such studies:

1. Inadequate deproteinizing procedures. Tung-
stic acid, picric acid and trichloroacetic acid, es-
pecially the latter in low concentration, all leave in
solution non-dialyzable amino acid conjugates, pre-
sumably proteins (19). Dialysis of plasma must
be very brief if proteolysis is to be avoided.

2. Analysis of serum or defibrinated blood.
"Peptides" are formed in the course of clotting
(19).

3. Analysis of whole blood. Erythrocyte gluta-
thione contributes a major part of blood peptides.
Apparent changes of blood peptides may arise from
changes in hematocrit or from differences in the
recovery of glutathione in blood filtrates (18).

In addition, the incomplete specificities of the
analytical procedures, especially of the Folin amino
acid method in its unmodified form, have probably
contributed to the non-agreement.

Undetermined nitrogen in azotemia. In many
cases of azotemia, notably "irreversible" azotemia
following severe burns (20 to 22), a substantial
part of the non-protein nitrogen has not been iden-
tified. The possibility frequently has been sug-
gested that peptides might account for much of
the unidentified nitrogen.

In brief, there is a wealth of ideas as to the
pathological significance of peptidemia, but the
experimental support is poor because of the in-
adequacy of the chemical procedures used. We
have investigated the question employing the man-
ometric ninhydrin procedure for amino acids, and
using for the removal of proteins a combination of
chemical deproteinization and dialysis (19). Such
elevations of plasma "peptides" as we observed in
a varied group of diseases were by no means as
large as those previously reported, and were not

sufficiently remarkable to give the determination
diagnostic value, nor to contribute largely to the
undetermined non-protein nitrogen of plasma.

EXPERIMENTAL

Plasma from heparinized venous blood (from fasting
subjects except as indicated) was at once diluted with
4 volumes of redistilled water, and 5 volumes of dilute
tungstic acid (23) or of 5 per cent trichloroacetic acid
were added slowly. After 30 minutes the suspensions
were centrifuged and the supernatant solution filtered.
Free a-amino nitrogen was determined promptly upon 6
to 8-ml. aliquots of the tungstic acid filtrates at pH 2.5,
or upon picric acid filtrates, by the manometric ninhydrin
procedure (24). The result was corrected for the urea
found present, except when a high urea concentration was
anticipated, in which case urea was removed by urease.

A 30- to 50-ml. aliquot of the tungstic acid filtrate was
dialyzed in a %-inch cellophane. tube against a single
measured portion (60 to 80 ml.) of redistilled water for
24 hours at 50 C. on a slowly rotating wheel. Trichloro-
acetic acid filtrates were first freed of trichloroacetic acid
by ether extraction (18), concentrated in vacuum, made
to 25 ml. and a 24-ml. aliquot likewise dialyzed. A maxi-
mal aliquot of the dialysate was concentrated and hydro-
lyzed in a sealed tube at 1100 C. for 24 hours in 4N
hydrochloric acid. The hydrolysate was taken to dry-
ness in vacuo, remoistened and dried again, 10 ml. of
water added, and 3-ml. aliquots of the resultant solu-
tion were analyzed for a-amino nitrogen at pH 2.5. The
difference in the 2 analyses (total diffusible a-amino
nitrogen minus free a-amino nitrogen) is the conjugated
diffusible a-amino nitrogen, due to peptides and other
amino acid conjugates. It is for this category that the
term "peptide" nitrogen is used here, with the qualifica-
tions already noted.'

RESULTS

Normal concentrations. Twenty-one tungstic
acid filtrates of plasma from persons in the post-
absorptive state contained an average of 0.9 mgm.
per cent of conjugated a-amino nitrogen (18).
Such filtrates, however, contained from 0.2 to 0.5
mgm. per cent of conjugated a-amino nitrogen
which was not dialyzable, this presumably being
due to proteins (18). Six filtrates studied con-
secutively in June 1946 (19) contained no meas-
urable dialyzable conjugates ("peptides"). Four-
teen samples analyzed subsequently contained an
average of 0.51 mgm. per cent (S.D.= 0.07;
range 0.08 to 0.89 mgm. per cent) of "peptide"
nitrogen. One may conclude that "peptides" are
usually but not invariably demonstrable. Trichlor-
oacetic acid filtrates generally showed slightly
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higher concentrations of these "peptides" (range,
from 0.0 to 1.5 mgm. per cent "peptide" nitrogen).
Most of the difference, however, in the total ni-
trogen content of these 2 types of filtrates is due
to protein.

TABLE I

Effect of the ingestion of milk or casein upon
plasma amino acids

All filtrates prepared by tungstic acid. Dialysates of
these filtrates were analyzed in experiments 6 to 10. All
normal subjects except experiment 6.

a-amino nitrogen

EXpt. Meal
Free "Peptide"

mgm. per cent
1 1 quart whole milk

postabsorptive 5.06 0.70
150 min. after 5.54 -0.02

2 1 quart skim milk
postabsorptive 4.12 0.26
60 min. after 4.07 0.16
120 min. after 4.39 0.08
200 min. after 4.98 0.03

3 1 quart skim milk
postabsorptive 3.97 1.70
123 min. after 4.88 1.19
180 min. after 4.86 0.74

4 400 ml. skim milk
postabsorptive 4.14 0.58
113 min. after 4.31 0.25
175 min. after 4.52 0.38

5 1 quart skim milk
postabsorptive 4.14 0.49
120 min. after 4.70 0.12

6* 12 grams protein as
cottage cheese

postabsorptive 3.45 0.51
120 min. after 6.26 0.38
180 min. after 5.98 0.14

7 30 grams casein
postabsorptive 4.33 0.55
170 min. after 4.97 0.11

8 35. grams casein
postabsorptive 4.34 0.48
150 min. after 5.84 0.48
210 min. after 4.87 0.09

9 35 grams casein
postabsorptive 5.11 0.46.
180 min. after 6.30 0.64

10 35 grams casein
postabsorptive 5.23 0.61
165 min. after 6.83 0.27
225 min. after 5.73 0.44

* Child, age 3.3 years, weight 26 pounds, cystic fibrosis
of pancreas. When the test meal was 18 grams of gelatin
the plasma amino acid N did not rise above 4.7 mgm.
per cent.

As to the nature of these "peptides," glycine
analyses indicated that hippuric acid, glutathione
or serylglycylglycine made no large contribution.
From acidified tungstic acid filtrates only small
fractions of the conjugates were extracted by ethyl
acetate.

Effect of protein ingestion. The peripheral
venous plasma did not contain increased quantities
of "peptides" after the ingestion of 100 grams of
gelatin (25) or of 35 grams of egg white protein.
The ingestion of a quart of milk, or of 35 grams of
casein, led not to an increase but to a decrease in
the "peptides" of plasma (Table I). This strange
effect has been obtained 9 times in 10 experiments.
This effect was not produced, in control experi-
ments, by: (a) continued fasting, (b) the ingestion
of 35 grams of starch, (c) drinking 1.5 liters of
water in the course of an hour. No explanation of
the effect of casein ingestion will be attempted.

Do surgical procedures lead to peptidemiaf A
preliminary study upon a patient exposed to very
extensive abdominal surgery (dismantling of gas-
trojejunostomy, excision of marginal ulcer, hemi-
colectomy, transverse colostomy, enterostomy)
gave the following values for "peptide" nitrogen in
plasma samples taken 42, 69, and 1 10 hours after
surgery

(a) Undialyzed tungstic acid filtrate, 0.25, 0.34,
0.8 mgm. per cent.

(b) Undialyzed trichloroacetic acid filtrate, 0.84,
0.80, 2.0 mgm. per cent.

Detailed study (Table II) of a group of patients
exposed to various major surgical procedures
failed to show any definite effect upon the "pep-
tides" of plasma (although the free amino acids
were always reduced [26] ) or upon the urinary
excretion of free or conjugated amino acids. The
preoperative and postoperative concentrations of
plasma "peptides" were somewhat higher than
the average for normal subjects, but not outside
the normal range. The increased protein catabo-
lism which occurs postoperatively apparently does
not result in the appearance of increased amounts
of intermediate degradation products in the plasma.

Peptidemia in various diseases. Table III sum-
marizes our observations upon patients with vari-
ous diseases. Peptidemia did not appear to be
characteristic of neoplastic diseases, hepatic dis-
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TABLE II

Effect of surgery upon free and conjugated amino acids of plasma and urine

Plasma
Interval after surgery Urie

Surgical procedure a-amino N .
Preopt. Immed. 1 day 2 days 4 days 7 days 10 days Preopt. Postop.*

mgm. per cent mgm. per hour
Carcinoma of sigmoid colon: Free 4.96 3.93 4.28 3.84 4.50 4.72 4.34 7.27 9.50

Resection, sigmoidoscopy, Peptides 1.68 1.40 1.14 1.40 5.90 5.80
exteriorization of sigmoid Peptidest 0.75 0.76 0.66 0.98 0.87 0.25 0.90

Open reduction of commi- Free 3.99 2.93 2.79 4.08 3.76 3.60 3.17 5.09
nuted fracture of tibia with Peptides 0.41 0.77 0.47 0.73 1.02 0.44 4.10 7.10
application of bone plate Peptidest 0.55 0.68 0.80 0.79 0.87

Open reduction of fracture of Free 4.18 2.98 4.08 3.60 4.20 4.81 5.83
radius and ulna with appli- Peptides 1.17 0.96 0.89 0.55 0.81 6.60 5.66
cation of bone plate

Exploration of kidney, ure- Free 3.92 3.83 3.41 4.47 4.07 4.98 4.36
terotomy with removal of Peptides 1.06 0.50 0.74 0.79 0.58 4.73 4.11
stone

Peritonitis with obstructive Free 3.3 3.28
symptoms; exploration Peptides 1.3 1.25 _

Carcinoma of rectum; bilat- Free 4.69 2.42 2.63 2.93 3.44 3.78 3.87** 6.86 6.94
eral radical dissection of Peptides 0.70 0.53 0.67 0.69 0.79 0.88 0.40 11.80 9.40
inguinal lymph nodes

* All urine excreted during a 72- to 96-hour period beginning just before the operation. The preoperative urines
were collected during the preceding 12 hours.

t Tungstic acid filtrates of plasma. All other values for "peptide" N of plasma were determined upon 2.5 per cent
trichloroacetic acid filtrates.

** Fourteenth day after surgery, free a-amino N, 4.03 mgm. per cent; "peptide" N, 0.39 mgm. per cent.

ease, even if severe, of venous thrombosis, of
severe burns without azotemia, or of a number of
other conditions. Somewhat elevated values ap-
peared to occur in the nephrotic syndrome, and
also in some cases of azotemia, but no level above
2.5 mgm. per cent of "peptide" nitrogen has been
observed. While one cannot conclude that the
rather small elevations observed in disease are
without physiological significance, no indication of
diagnostic value of the analysis has been obtained,
nor do peptides and other conjugates appear to
make any major contribution to the undetermined
non-protein nitrogen of plasma.

Subjects showing the higher concentrations of
"peptides" in the plasma did not regularly ex-
crete larger quantities in the urine. On the other
hand whenever the plasma peptide nitrogen is
elevated by a few mgm. per cent by the intravenous
injection of peptides (in the form of incomplete hy-
drolysates of protein) there is a massive peptiduria
(27, 28). A dissimilarity is apparent in the na-
ture of the "peptides" of plasma in the two situ-
ations.

Other body fluids. Several cerebrospinal fluid
samples (by lumbar puncture) contained from 0.2
to 0.8 mgm. per cent of "peptide" nitrogen (Table
IV). Tungstic acid, trichloroacetic acid and pic-
ric acid all left in solution a large fraction (15 to
50 per cent) of the protein of normal cerebrospinal
fluid. Seminal plasma was unusually rich in free
amino acids and in peptides, probably because of
the presence of strong proteolytic activity, which
led to the release of nearly 100 mgm. per cent of
free amino acid nitrogen in 12 hours at 20°. Path-
ological accumulations of chest fluid, 'ascitic fluid,
and synovial fluids appeared to contain "peptide"
nitrogen in the range of 1 to 3 mgm. per cent.

SUMMARY

1. Factors which largely vitiate the validity of
former determinations of blood peptides have
been considered. The conjugated non-protein,
amino acids (peptides plus other conjugates) of
the plasma of normal persons and patients have
been examined by procedures designed to avoid
such factors.
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TABLE UT

"Peptides" of plasma in various diseases
TCA = 2.5 per cent trichloroacetic acid

a-amino nitrogen
No. Diagnosis Type of

No. Diagnosis Fre j "Peptide" l

Early carcinoma of cervix; x-ray therapy
Carcinoma of the prostate
Carcinoma of the pancreas; jaundice
Adenocarcinoma of the common bile duct; metastases to liver

Adenocarcinoma of liver

Carcinoma of unknown primary site-pressure on common bile duct
Infectious hepatitis
Infectious hepatitis
Cirrhosis with ascites
Infectious hepatitis
Infectious hepatitis

Metastatic carcinoma of liver; cholemia
Obstructive jaundice; serum proteins 4.1 per cent
Diabetic acidosis; serum CO2 7.6 mM. per liter

7 hours later; serum CO226.1 mM. per liter
Diabetic acidosis; serum CO2 6.1 mM. per liter

12 hours later; serum CO2 26.2 mM. per liter
Addison's disease, in relapse during withdrawal of steroid therapy;

diabetes mellitus
Pneumonia and empyema
Bleeding duodenal ulcer
Thrombosis of deep femoral veins; after venous ligation
Thrombosis of saphenous vein; 24 hours after ligation (recurrent)
Thrombosis of superficial femorals; after ligation
Burns covering 28 per cent of surface. No azotemia
Burns, 40 per cent of surface. No azotemia. After 1 day

After 2 days

After 3 days
2.3 hours postpartum
1 hour postpartum
Toxemia of pregnancy
Uremia; hypertensive cardiovascular disease
Polycystic kidneys (no azotemia)
Terminal nephritis with nephrotic component, age 13
Nephrosis, age 17 months
Nephrosis, age 19 months
Nephrosist age 3.3 years
Nephrosis,t age 3.3 years
Nephrosis,t age 4 years
Nephrosis, age 6 years
Nephrotic stage of nephritis, anasarca, 58 years
Nephrotic stage of nephritis, child
Nephrotic stage of nephritis, child
Renal rickets, amyotonia,** age 2.5 years
Cystic fibrosis of the pancreas
Toxemia of pregnancy
Toxemia of pregnancy
Rheumatoid arthritis, hypervitaminosis D, calcinosis, azotemia

mgm. Per cad
3.16 0.88
3.57 0.52
3.76 0.10
3.70 0.9

1.7
4.79 0.92

1.22
3.7 0.7
4.62 0.19

0.40
5.08 1.24
4.22 0.67
4.11 1.11
4.67 0.30

0.83
5.32 0.73
5.56 0.52
8.93 2.40
3.50 2.27
8.20 0.26
2.80 1.0
5.0 0.7

1.6
3.16 0.01
3.85 0.74
3.56 0.83
3.40 1.27
3.49 0.97
2.37 0.52
2.93 0.65

1.86
3.72 0.72

2.04
3.18 1.67
2.81 0.66
2.83 0.49
3.71 1.02
5.74 1.05
3.97 2.37
3.40 1.58
3.4 0.7
3.4 1.43
3.53 1.58
3.86 2.12
4.94 1.00
3.35 1.25
4.09 0.66
4.06 0.78
3.65 1.42
3.25 1.0
3.45 0.51
3.35 0.16
3.61 0.48
4.22 0.53

32540
16610
31194
24460

31905

32621
31956

17291
32401
32314
27094

29862
27698
17708

31242

31935

32717
14886
31265
31770
28777
31488
32268

19421
10253
23559
32646
32734
28161
31276
31276
313068
309517
H9
29376
30627
B11
Cel
R21
17880
33596
14666
33581

TCA
TCA
TCA
Tungstic
TCA
Tungstic
TCA
TCA
Tungstic
TCA
TCA
TCA
TCA
Tungstic
TCA
Tungstic*
Tungstic*
Tungstic*
Tungstic*
Tungstic
TCA
Tungstic
TCA
TCA
TCA
TCA
TCA
TCA
Ultrafiltrate
Tungstic
TCA
Tungstic
TCA
Tungstic
TCA
TCA
TCA
TCA
TCA
Tungstic
Tungstic
TCA
TCA
TCA
TCA
Tungstic*
Tungstic*
TCA
TCA
Tungstic
Tungstic
TCA
TCA
TCA

* Analyses upon undialyzed filtrates; hence, some protein presumably is included.
t Sample supplied by Dr. Gretchen Hutchens, Children's Hospital, Boston.
** Sample supplied by Dr. Nathan Talbot, Massachusetts General Hospital, Boston. The urinary excretion of

free a-amino acid nitrogen was 150 mgm. per day; of glycine nitrogen, 31 mgm. per day.
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TABLE IV

Amino acids and "peptides" of some body fluids

a-amino nitrogen
No. Fluid; diagnosis Type offiltrate

Free 'Peptide"

L 27 Cerebrospinal fluid, normal 1.41 0.8 TCA
J 55 Cerebrospinal fluid, hydro-

cephalus, ventricular tap 1.04 0.10 TCA
K 54 Cerebrospinal fluid, normal 1.16 0.48 TCA
K 50 Cerebrospinal fluid. meningo

coccal meningitis 1.06 0.74 TCA
M 8 Cerebrospinal fluid, normal 1.80 0.20 Dialysate
E 72 Seminal plasma 15.8* 14.0* Picric

Same, after 12 hours at 200 103.6 Picric
N 21 Chest fluid, measles, pleurisy 1.52 Picric
K 32 Chest fluid, constrictive peri-

carditis 7/9 4.73 1.31 TCA
K 32 Chest fluid, constrictive peri-

carditis 7/19 3.34 2.68 TCA
K 43 Ascitic fluid. sec. carcinoma of

peritoneum 3.83 0.91 TCA
J 33 Synovlal fluid. from knee.

rheumatoid arthritis 4.43 1.10 TCA

* Three other experiments gave similar findings. Free
glycine N 0.62 mgm. per cent; alanine N 1.4 mgm. per
cent; little, if any, glutamine.

2. Tungstic acid filtrates of the plasma of normal
fasting persons contained usually less than 1 mgm.
per cent of conjugated, non-protein, amino acid
nitrogen, and in some cases the concentration was
too small to be measured. Protein ingestion did
not increase the concentration of conjugates; in
fact, milk or casein produced decreases.

3. Surgical procedures failed to produce in-
creases of the "peptides" of plasma, nor were
significant changes produced in the urinary ex-
cretion of free or conjugated amino acids.

4. While the plasma of patients with a variety
of diseases contained as an average somewhat
more amino acid conjugates than the plasma of
normal persons most of the values were not out-
side the range encountered in normal persons.
Elevated values did not appear to be characteristic
of neoplastic disease, hepatic disease, or venous
thrombosis. Somewhat elevated values were ob-
served in nephrosis, but no value above 2.5 mgm.
per cent of "peptide" nitrogen has been observed.

5. The free and conjugated amino acids of a
few other body fluids have been reported.
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