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Low Free Serum Histidine Concentration

in Rheumatoid Arthritis

A MEASUREOF DISEASE ACTIVITY

DONALDA. GERBER

From the Department of Medicine of the State University of NewYork
Downstate Medical Center, the Kings County Hospital, and the State
University Hospital, Brooklyn, NewYork 11203

A B S T R A C T A study of sera from 285 patients with
definite or classical rheumatoid arthritis (including 37
patients receiving no anti-inflammatory drugs) and sera
from 67 healthy subjects has confirmed 10 published
reports of a statistically significant decreased blood his-
tidine concentration in patients with rheumatoid arthri-
tis. Contrastingly, in sera from 231 patients with a va-
riety of acute and chronic illnesses other than rheuma-
toid arthritis, no statistically significant hypohistidinemia
was observed either in the group as a whole or in as-
sociation with the administration of aspirin, prednisone,
indomethacin, phenylbutazone, or dextropropoxyphene.

In the patients with rheumatoid arthritis there was a
statistically significant correlation between the serum
histidine concentration and the following: Westergren
sedimentation rate (r = - 0.33, P < 10-'), grip strength
(r = 0.26, P < 10'), hematocrit (r= 0.23, P < 10-'),
duration of morning stiffness (r =- 0.14, P = 10-'),
walking time (r = - 0.13, P = 10"), latex titer of
rheumatoid factor (r = -0.11, P = 0.001), and the
duration of arthritis (r = - 0.06, P = 0.05). There
was no statistically significant association between the
serum histidine concentration and the duration of rheu-
matoid arthritis in the 151 patients with disease of
0-10-yr duration (r = 0.02, P = 0.5), the sex of the
patient, or the presence of antinuclear antibody (r =
0.007, P = 0.9). The serum histidine concentration was
less in rheumatoid patients receiving steroids (P =
0.00001), gold (P = 0.009), and aspirin (P = 0.15)
than in rheumatoid patients not receiving these drugs.
This study indicates that histidine determinations on
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properly preserved casual serum samples can be helpful
in the diagnosis of rheumatoid arthritis and in the
evaluation of the activity of the disease.

INTRODUCTION
The free blood histidine concentration has been re-
ported to be statistically significantly decreased in pa-
tients with rheumatoid arthritis in 10 (1-10) of 11
(1-11) reports. In two reports (3, 9), patients with
more active rheumatoid arthritis had smaller serum
histidine concentrations than patients with less active
disease. The present report confirms and extends these
observations.

METHODS
The concentration of free histidine in serum was deter-
mined with a method in which histidine and o-phthaldi-
aldehyde react in alkali to form a fluorescent product which
is measured in a fluorescence spectrometer (12). The
method is linear in the range used (12). Venous blood
samples were collected without regard to time of day,
meals, drugs, or activity. No subject had received L-histi-
dine therapeutically for at least 1 mo before the time blood
was obtained. Serum was separated from clotted blood
within 4 h after venipuncture and frozen immediately at
- 20'C to prevent an otherwise misleading increase in the
concentration of histidine in the specimen. Hematocrits
were measured in heparinized microhematocrit tubes centri-
fuged at 625 g for 30 min. The Westergren sedimentation
rate (millimeters per hour) was used (13). Rheumatoid
factor was measured in serum by tube dilution using latex
particles (14) and was considered to be present when the
test was positive in a dilution of at least 1 to 10. Anti-
nuclear antibody was measured by immunofluorescence using
rat liver (15). Grip strength was measured as described by
McCarty (16). Walking time was seconds required to walk
50 ft. Patients with rheumatoid arthritis had either definite
or classical disease (17). Of the patients receiving anti-
inflammatory steroids, 77%o were taking prednisone. To
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TABLE I

Serum Histidine Concentration in Healthy Subjects, Patients with Illnesses Other Than
Rheumatoid Arthritis, and Patients with Rheumatoid Arthritis (RA)

P

Number Serum histidine Men
of Vs. Vs. Vs.

subjects* Mean SE healthyl sick§ women

mg/100 ml

Healthy
Men and women 67 1.85 0.05 0.6
Men 30 1.89 0.08 0.1
Women 37 1.82 0.05 0.4 0

Sick, excluding RA
Men and women 231 1.83 0.02 0.6
Men 109 1.78 0.03 0.1 - 003
Women 122 1.87 0.03 0.4 0

Rheumatoid arthritis
Men and women 285 1.39 0.02 10-14 10-47
Men 67 1.38 0.03 10-8 10-14
Women 218 1.39 0.02 10-8 10-3

Rheumatoid arthritis (no anti-inflammatory drugsll)
Men and women 37 1.56 0.05 10-5 10-5
Men 14 1.59 0.09 0.02 0.05k 0.5
Women 23 1.53 0.05 0.0006 10 -5

* Multiple determinations averaged for each subject.
Comparison with healthy subjects of the same sex.

§ Comparison with sick subjects of the same sex.
E.g., no aspirin, indomethacin, phenylbutazone, steroid, gold, chloroquine, or immunosuppressive drugs.

simplify the calculations, the steroid doses for the 23% of
patients receiving anti-inflammatory steroids other -than
prednisone were converted to the equivalent doses of pred-
nisone.

Student's t test was used to compare means (18). Tests
of significance were two sided. In the preparation of Tables
IJ-IV, each serum value was considered as a separate st-.-
tistical unit.

RESULTS

Statistically significant hypohistidinemia, was present in
patients with rheumatoid arthritis but not in patients
with other diseases (Table I). The average free serum
histidine concentration in 67 healthy subjects was 1.85
mg/100 ml (SE = 0.05); in 231 subjects with a variety
of acute or chronic illnesses or abnormal conditions, not
including rheumatoid arthritis, the serum histidine con-
centration was not statistically significantly different
(P=0.6), averaging 1.83 mg/100 ml (SE=0.02).
The mean serum histidine concentration in 285 patients
with rheumatoid arthritis, however, was 1.39 mg/100
ml (SE = 0.02), and this value was statistically sig-
nificantly (P < 10-l') less than the mean serum histi-
dine concentration in both the healthy subjects and the
sick nonrheumatoid subjects (Table I). The mean se-

rum histidine concentration in patients with rheuma-
toid arthritis receiving no anti-inflammatory drugs (e.g..
no aspirin, indomethacin, phenylbutazone, steroid, gold,
chloroquine, or immunosuppressive drugs) was also
statistically significantly subnormal (Table I).

Tables II-IV and Figs. 1-8 summarize an analysis of
1,235 serum samples from 285 patients with rheumatoid
arthritis with respect to associations between the de-
gree of hypohistidinemia and the activity and other clini-
cal characteristics of the arthritis. The following sup-
plements the material in these tables and figures.

Sedimientation rate (Tables II and III and Fig. 1).
The strongest correlation was that between the serum
histidine concentration and the Westergren erythrocyte
sedimentation rate. The sedimentation rate was most
abnormal (81.3 mm/h) in association with the 17 sera
from the 16 patients whose serum histidine concentra-
tions were most subnormal, i.e., between 0.40 and 0.80
mg/100 nml. The sedimentation rate was closest to nor-
mal (32.8 mm/h) in association with the 141 sera from
the 74 patients with the largest serum histidine concen-
tration, i.e., greater than 1.80 mg/100 ml. Between these
two extremes there was a virtually linear relationship
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TABLE I I
Correlation between the Serum Histidine Concentration (mg/100 ml) and Characteristics

of Patients with Rheumatoid Arthritis

Number Number
of of Correlation

sera patients coefficient Slope of regression P

ESR* 1,043 218 -0.33 -27.3 mm/mg/100 ml <10-9
ESR* (no anti-inflammatory drugsl) 81 37 -0.43 -34.8 mm/mg/100 ml 10-i
Grip 1,079 206 0.26 47.8 mm/mg/100 ml <10-9
Grip (no anti-inflammatory drugsj) 74 32 0.41 109.3 mm/mg/100 ml 10-4
Hematocrit (men and women) 963 213 0.23 3.27%/mg/100 ml <10-9
Hematocrit (no anti-inflammatory drugs4) 70 32 0.33 7.17%/mg/100 ml 0.004
Hematocrit (men) 206 52 0.38 6.00%/mg/100 ml 10-8
Hematocrit (women) 757 161 0.18 2.17%/mg/100 ml 10-6
Morning stiffness (>0.5 h)§ 886 177 -0.14 -20.6%/mg/100 ml 10-5
Morning stiffness (>0.5 h)§ 63 27 -0.06 -9.5%/mg/100 ml 0.6

(no anti-inflammatory drugs4)
Walking time (50 ft) 1,045 199 -0.13 -3.31 s/mg/100 ml 10-4
Walking time (50 ft) (no anti- 71 30 -0.22 -4.28 s/mg/100 ml 0.07

inflammatory drugs4)
Rheumatoid factor 993 225 -0.11 -1.58 tubes/mg/100 ml 0.001
Rheumatoid factor (no anti- 74 35 -0.18 -2.75 tubes/mg/100 ml 0.12

inflammatory drugs4)
Age 1,141 231 -0.10 -0.0025 mg/100 ml/yr 0.001
Prednisone dose (all patients) 1,122 226 -0.10 -6.9 ,sg/100 ml/mg/day 0.001
Aspirin dose (all patients) 1,044 241 -0.07 -0.28 g/mg/100 ml 0.02
Duration of arthritis (all patients) 1,122 226 -0.06 -0.0027 mg/100 ml/yr 0.05
Time of day 956 146 -0.03 -0.0037 mg/100 ml/h 0.4
Duration of arthritis (0-10 yr only) 723 151 0.02 0.0027 mg/100 ml/yr 0.5
Prednisone dosell 419 75 0.02 1.1 sg/100 ml/mg/day 0.7
Antinuclear antibody 409 89 0.007 0.72%/mg/100 ml 0.9
Aspirin doself 864 213 -0.005 -0.0026 g/mg/100 ml 0.9

* ESR = Westergren sedimentation rate.
t E.g., no aspirin, indomethacin, phenylbutazone, steroid, gold, chloroquine, or immunosuppressive drugs.
§ Analyzed by testing for a linear trend in proportions (18).

Only patients receiving the drug are included in the analysis.

between each histidine subgroup's average serum histi-
dine concentration and average sedimentation rate (Fig.
1). 82% of the sera from patients with a sedimentation
rate greater than 40 mm/h had a histidine concentra-
tion of less than 1.60 mg/100 ml, 62% had a histidine
concentration of less than 1.40 mg/100 ml, and 34% had
a histidine concentration of less than 1.20 mg/100 ml.

There was considerable scatter in the data. For ex-
ample, in the subgroup with the largest number of sera
(serum histidine concentrations between 1.20 and 1.40
mg/100 ml), the average sedimentation rate was 50.9
mm/h (SD = 26.5 mm/h, SE= 1.68 mm/h), the 95%
confidence limits for the mean were 47.6 and 54.2 mm/h,
but the 95% confidence limits for a single value of the
sedimentation rate were 0 and 103.2 mm/h and the
coefficient of variation (SD/mean) was 0.52.

The correlation coefficients for the relationship between
the serum histidine concentration and the Westergren
sedimentation rate were also computed separately for

each patient and then combined ( 19). The weighted
combined correlation coefficient thus obtained (r = -
0.24, P = 10-) was not statistically significantly dif-
ferent (P = 0.06) from the correlation coefficient (r =
- 0.33) obtained in the usual manner by using the
values for all the patients in one calculation. The cor-
relation coefficients computed separately for each pa-
tient were statistically significantly (P = 0.0001) heter-
ogeneous by chi square analysis (18). There was also
a statistically significant (P = 0.02) correlation be-
tween the Wintrobe sedimentation rate and the serum
histidine concentration (n = 22, r = - 0.50).

Grip strength (Table II and Fig. 2). Of the clinical,
as opposed to laboratory, characteristics of patients with
rheumatoid arthritis, grip strength was most closely cor-
related with the serum histidine concentration (r =
0.26, P < 109). The relationship between mean grip
strength and the mean serum histidine concentration
for each subgroup of serum histidine concentrations in
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TABLE III
Relationship between the Westergren Sedimentation Rate

and Serum Histidine Concentration in Patients
with Rheumatoid Arthritis

Concentration of histidine in serum,
Total mg/100 ml

Sedimentation number
rate of sera <1.0 <1.2 <1.4 <1.6

mmh %of sera*

0-19 123 2.4 13.0 30.1 49.6
20-39 264 3.0 14.0 38.3 62.5
40-59 200 8.0 26.5 54.5 78.0
60-79 151 13.9 37.1 64.9 86.8
80-99 76 15.8 36.8 67.1 80.3

100-132 45 33.3 55.6 77.8 91.1

* The values listed are the percentages of sera with histidine
concentrations less than 1.0, 1.2, 1.4, and 1.6 mg/100 ml. To
illustrate, 36.8%o (28 sera) of the 76 sera from patients with
sedimentation rates between 80 and 99 mm/h had histidine
concentrations less than 1.2 mg/100 ml.

Fig. 2 was virtually linear (test for linearity [20]: P
0.3). In contrast to the linear relationship of grip
strength to serum histidine concentration, the similarly
calculated relationship of grip strength to sedimentation
rate (Fig. 9) was not linear (test for linearity: P =
W1()).

Henmatocrit (Table II and Fig. 3). There was a
statistically significant difference between men and
women both with regard to the slopes (P = 0.005) and
the correlation coefficients (P = 10-4) of the relationship
between hematocrit and the serum histidine concen-
tration.

Morning stiffness ( Table If and Fig. 4). 100 sera
were obtained from 48 patients who, when blood was
obtained, reported morning stiffness "all day." Since
data containing "all day" values cannot be readily con-
verted into a Gaussian distribution of durations of morn-
ing stiffness, the percent of patients whose morning
stiffness exceeded A h and the median duration of morn-
ing stiffness were calculated for each patient subgroup
of serum histidine concentrations (Fig. 4). Statistical
analysis was performed by testing for a linear trend in
the percent of patients with stiffness greater than 1 h

18).
Aspirin dose (Tables II and IV and Fig. 7). In the

24 patients (45 sera) with Westergren sedimentation
rates greater than 100 mm/h there was a statistically
significant positive correlation (r = 0.40. P = 0.005)
between the serum histidine concentration and the pa-
tient's aspirin dose. That is, in this subgroup, the
larger the aspirin dose, the less abnormal the serum
histidine concentration. No correlation coefficient for
any other sedimentation rate subgroup (i.e. 0-19, 20-39,

. . . 80-99) was greater than 0.07, less than - 0.08, or
statistically significant.

Duiration of arthritis (Table 11 and Fig. 8). In the
28 patients (52 sera) with rheumatoid arthritis of less
than 6-mo duration, the average serum histidine con-
centration (1.43 mg/100 ml) was the same as in the
285 patients with rheumatoid arthritis of all durations
(also 1.43 mg/100 ml).

Age (Table II). There was a strong correlation
(r = 0.85, P < 10-a) between age and the duration of
arthritis.

Time of day (Table II and Fig. 10). The most ab-
normal histidine concentrations were present in samples
collected between 11 A.M. and 1 P.iI. (1.39 mg/100
ml); the least abnormal were from specimens collected
between 8 and 9 A.MI. (1.48 mg/100 ml) and after 4
P.M. (1.46 mg/100 ml). There were no statistically
significant differences between the mean serum histi-
dine concentrations in anto of the time intervals in Fig.
10 (analysis of variance and Student's t test [18]).

Antinutclear antibody (Tables II and IV). Of the
409 sera (89 patients) selected at random for antinu-
clear antibody tests., 16% were positive. Of these 89
patients, 7% had a positive antinuclear antibody test in
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all samples studied, and 22% had a positive antinuclear
antibody test in one or more, but not all, samples
studied.

Anti-inflammatory steroids (Tables II and IV).
The average sedimentation rate for the patients re-
ceiving steroids was 50.2 mm/h (SD = 28.2). The av-
erage sedimentation rate for the patients not receiving
steroids was 46.5 mm/h (SD = 27.6). The difference
was statistically significant (P = 0.04).

Gold (Table IV). The correlation between the
serum histidine concentration and the sedimentation
rate was virtually the same in the 85 blood samples from
the 27 patients receiving gold (r = - 0.35) as in the
980 blood samples from the 204 rheumatoid patients not
receiving gold (r = - 0.34).

Relative clinical status at time blood was obtained.
At each visit patients were asked whether they felt
better, worse, or the same as on the previous visit. The
average serum histidine concentration in the 283 sera
from those patients reporting "better" was 1.49 mg/100
ml (SD = 0.34); in the 244 sera from those reporting
"same" it was 1.44 mg/100 ml (SD = 0.35); and in the
375 sera from those reporting "worse" it was 1.40 mg/
100 ml (SD = 0.34). The difference in the serum histi-
dine concentrations between those feeling "better" and
those feeling "worse" was significant (P = 0.0008). In
the 48 patients reporting more than one "better" and

"worse" during the study, the average difference ("bet-
ter" minus "worse") between the serum histidine con-
centrations at these times was 0.09 mg/100 ml (SD =
0.25) (P=0.02).

Subjects free of rheumatoid arthritis. In subjects
free of rheumatoid arthritis, both sick and well, there
was no statistically significant (i.e., P < 0.05) corre-
lation between the serum histidine concentration and the
following subject characteristics (n = number of sera):
Westergren sedimentation rate (n = 130, r = - 0.10),
Wintrobe sedimentation rate (n = 58, r =-0.15),
hematocrit (n= 112, r=0.07), prednisone dose (n=
360, r=0.09), aspirin dose (n=337, r:=-0.00005),
grip strength (n = 42, r = - 0.10), walking time (n =
25, r = 0.12), rheumatoid factor (n = 307 [24 sera
containing rheumatoid factor and 283 sera with no
rheumatoid factor], r=-0.01), serum albumin (n=
39, r =-0.20), serum globulin (n = 37, r =-0.03).
In 21 anemic nonrheumatoid patients (hematocrit less
than 37% in women and less than 40% in men) the
average serum histidine concentration was normal (1.90

2.4 mg/100 ml, SE = 0.11). The mean serum histidine
concentration in 24 sera containing rheumatoid factor
(averaze titer 1: 359Q from 24 nnflentz fros nf Api..
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FIGURE 3 Association between the hematocrit and the
serum histidine concentration in 963 sera from 213 patients
with rheumatoid arthritis. r = 0.23; P < 10'.
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the serum histidine concentration in 886 sera from 177 pa-
tients with rheumatoid arthritis. The shaded area indicates
the median morning stiffness in hours. The complete bars
refer to the percent of patients with stiffness lasting more
than I h. The correlation coefficient was obtained by testing
for a linear trend in proportions (18). r= - 0.14; P = 10-.

matoid arthritis was also normal (1.83 mg/100 ml,
SE = 0.06).

No statistically significant hypohistidinemia was ob-
served in patients free of rheumatoid arthritis in asso-
ciation with the following anti-inflammatory and anal-
gesic drugs (ni = number of sera, 11 = average serum
histidine concentration [mg/100 ml] +SE): aspirin
(average dose 2.0 g/dav) (n = 44. t = 1.78+0.05),
prednisone (average dose 38 nmg/day) (n =16, 1i = 1.86
±0.09), indomethacin (ii = 4, h = 2.31±0.25), phenyl-
butazone (n = 3, h = 2.19±0.18), (lextropropoxvphene
(n= 17, h= 1.81±0.10).

DISCUSSION

The foregoing data indicate that the serum histidine
concentration is decreased in rheumatoid arthritis but
not in sickness in general and that there is a relationship
between the activity of rheumatoid arthritis and the
degree of hypohistidinemia. Several aspects of the re-
lationship deserve added comment.

Anti-inflanwmnatory drugs. Three observations favor
the thesis that the correlation between the serum histi-
dine concentration and disease activity is not caused by
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FIGURE 5 Association between the 50-ft walking time and
the serum histidine concentration in 1,045 sera from 199
patients with rheumatoid arthritis. r= - 0.13; P = 10'.
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TABLE IV
Serum Histidine Concentration in Patients with Rheumatoid Arthritis

Number Number Serum histidine
of of

sera patients Average SD SE P

mg/100 ml

Men 283 67 1.46 0.33 0.02 0.06
Women 952 218 1.42 0.34 0.011
No aspirin 180 76 1.47 0.32 0.02 0.15
Aspirin* 864 209 1.43 0.34 0.01/
No steroid 703 151 1.46 0.35 0.01 0 00001
Steroid: 419 75 1.37 0.31 0.02 0
No gold treatment 980 204 1.45 0.34 0.01 0.009
Gold treatment 85 27 1.35 0.31 0.03 0
No rheumatoid factor 348 115 1.49 0.35 0.02 0.002
Rheumatoid factor 645 136 1.41 0.33 0.01
ANA§ absent 342 81 1.49 0.37 0.02 0.98
ANA§ present 67 26 1.49 0.34 0.04 0

* Average dose 1.89 g/day, range 0.3-6 g/day.
t Average dose 8.40 mg/day, range 1.0-30.0 mg/day.
§ ANA = antinuclear antibody.

drugs: (a) The serum histidine concentration is sta-
tistically significantly subnormal in patients taking no
anti-inflammatory drugs (Table I). (b) The correlation
coefficients and slopes for the relationship between the
serum histidine concentration and disease activity (sedi-
mentation rate, grip strength, walking time, rheumatoid
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FIGURE 7 Association between the serum histidine concen-
tration and the aspirin dose in 1,044 sera from 241 pa-
tients with rheumatoid arthritis. For example, the interval
between 0.6 and 1.2 g aspirin/day refers to patients taking
> 0.6 and < 1.2 g/day. r=-0.07; P = 0.02.

factor, hematocrit, but not morning stiffness) were
statistically significant in the patients with rheumatoid
arthritis receiving no anti-inflammatory drugs and also
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FIGURE 8 Association between the serum histidine concen-
tration and the duration of rheumatoid arthritis in 723 sera
from 151 patients with disease for 10 yr or less. r =0.02;
P = 0.5.
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greater in these patients than in patients consisting also
of those receiving these drugs (Table II). (c) The ad-
ministration of prednisone, aspirin, phenylbutazone, in-
domethacin, and dextropropoxyphene to the nonrheu-
matoid subjects in this study was not associated with
hypohistidinemia. Others have observed no effect of
cortisone or ACTH on the serum histidine concentra-
tion in patients wvith rheumatoid arthritis (21) or of
dexamethasone (22) or ACTH (2) in normal subjects.

It is unlikely that anemia is responsible for the hy-
pohistidinemia of rheumatoid arthritis: In this study
the serum histidine concentration was normal in anemic
nonrheumatoid subjects, and there was no correlation
between the serum histidine concentration and the
hematocrit in nonrheumatoid subjects. Armstrong and
Stave (23) observed no statistically significant corre-
lation between the plasma histidine concentration and
the blood hemoglobin concentration in either healthy
men, women, boys. or girls.

Timtie of day. Blood samples obtained from patients
with rheumatoid arthritis between 8 and 10 A..M. and
after 4 P.M. were the least hypohistidinemic (Fig. 10).
This is probably because patients were allowed to se-
lect the hour of their appointment. As a consequence,
working patients tended to come before or after work
and patients with profound morning stiffness rarely
came early in the day.
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Dit ration. of art/nritis. Characteristics of rheumatoid
arthritis such as deformity, muscle atrophy, restricted
activity, debility, and nodules are more common in pa-
tients with disease of long duration. There was. how-
ever, no correlation (r - 0.02, P = 0.5) between the
serum histidine concentration and duration of disease
in patients with disease of 0-10-yr duration. Moreover,
the serum histidine concentration was as abnormal in
patients with disease of less than 6-m duration as in the
entire group of rheumatoid patients. This suggests that
the characteristics of rheumatoid arthritis referred to
above are probably not responsible per se for the hypo-
histidinemia of rheumatoid arthritis.

Usefulness of a single determination of the scrum1
hiistidine concentration.. A single measurement of the
serum histidine concentration correlated only roughly
with the sedimentation rate and other measures of dis-
ease activity (Tables I and II). There are several pos-
sible reasons for this. First, all measures of disease ac-
tivity to which the serum histidine concentration has
been compared in this study are subject to technical er-
ror and inherent extraneous variability (16). Thus, the
interpretation of a single grip strength determination
depends to considerable extent on the patient's motiva-
tion and effort and on a comparison with the patient's
usually unknown premorbid grip strength. The sedimen-
tation rate is affected by coexistent disease, hematocrit,
and technical factors such as deviation of the Wester-
gren tube from a vertical position. Second, the serum
histidine concentration itself is subject to technical
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error and extraneous variability. Among the technical
factors involved are the period of time before separation
of the clot from the serum and the period of time the
serum is left unfrozen. Differences in temperature be-
tween the fluorescing solutions used in the assay pro-
cedure also affect the results obtained. Nevertheless,
measurement of the serum histidine concentration in
casual samples, properly declotted and stored, particu-
larly if the determination is repeated several times, ap-
pears to be helpful in the evaluation of patients with
rheumatoid arthritis.

Attempts to restore the serum histidine concentration
to normal by the long-term administration of L-histidine,
by mouth, to patients with rheumatoid arthritis have
been associated with clinical improvement and more
normal laboratory values (24, 25).

It has been proposed that hypohistidinemia, because
of an associated low synovial fluid histidine concentra-
tion (26), contributes to the pathogenesis of rheumatoid
arthritis by permitting the sulfhydryl-dependent hya-
luronate-augmented aggregation of synovial fluid gamma
globulin, generating in the joint fluid an inflammatory
and antigenic substance (aggregated gamma globulin)
(27, 28). The observations in the present study are
consistent with this hypothesis.
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