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Summ:iry· 

A variety· of leukocy·te enzy·me activities were studied in an 11-
year-old female with chronic granulomatous disease (CGD) and 
several members of her family·. Leukocyte glucose-6-phosphate 
dehy·drogenase (G-6-l'D) acth·ity· was 17 nmol/min/mg protein 
in the patient; hrn brothers with spnptoms of recurrent bacterial 
infections have G-6-PD acth·ities of 58 and 37 nmol/min/mg 
protein; the acthites of this enzpne in both parents, maternal 
grandmother, and one additional brother were within normal 
limits. Storage at 4° or heating at 37° over a 120-min period 
revealed a marked lahility of G-6-PD activity in the patient's 
cells which could not he stabilized by· the addition of NADP and 
2-mercaptoethanol; this !ability was not seen in other family 
members tested. Acthities of leukoqte glutathione reductase 
were reduced in both parents and the hrn affected male siblings 
with values of 18, 23, 23, and 24 1111101/min/mg protein, respec
tively. Activities of leukocyte glutathione peroxidase were re
duced in all of the immediate family members tested, with values 
ranging from 11.2 to 43 1111101/min/mg protein; the acti,·ity· of this 
enzyme in the patient was 38.5. Leukocyte NADP content in the 
patient, father, and hrn affected male siblings were 16.5, 23.4, 
22.2, and 28.2 1111101/15 min/HF leukocytes, respectinly·. 

Speculation 

Chronic granulomatous disease represents a heterogenous col
lection of leukocyte enzy·matic abnormalities which result in a 
clinical picture of recurrent bacterial infection. The final com
mon pathway in the pathogenesis of the disorder derins from 
defecth·e 11,0, production 1rn ing to a variety of enzy·matic ab
normalities within or linked to the hexose 11101wphosphate shunt 
(111\11'). The studies of the kindred in the 1>resent report lend 
further support for the central role of NADP as a controlling 
mechanism of normal lcukoQte bactericidal function. 

The clinical entity. CGD. is a disorder of neutrophil function 
in which the leukocytes of affected patients can phagocytose 
bacteria normally but have impaired intracellular killing of cer
tain bacteria (20, 29). l\ktabolically. leukocytes of affected 
patients fail to show the normal stimulation of respiratory activ
ity, increased O, consumption. oxidation of glucose through the 
111\11', and generation of hydrogen peroxide ( 11,0J. events 
associated with normal bactericidal action (3, 17). There is a 
concomitant failure of these affected cells to change the oxidized 
colorless form of nitroblue tetrazolium (NBT) dye to its blue 
reduced counterpart during phagm:ytosis, providing a useful 
diagnostic test for the disease (4, 25, 27). 

Originally described in males as a syndrome with an X-linked 
mode of transmission (lJ, IO, 34). CG D has been described in 
male and female patients with an autosomal recessive mode of 
inheritance (18, 24, 28). A myriad of leukocyte enzyme defi
ciencies have been described. The entity has been associated 

with G-6-PD !ability (6) or deficiency (I) in males, with glutathi
one peroxidase deficiency in females ( 18) and males (24 ). with 
diminished NADH oxidase (2) and NADPH oxidase activitv 
(16), and with decreased superoxide production (13). In th; 
current report. a family is studied in which several members 
manifest recurrent infections and allergic disease, and who dis
play abnormal bactericidal function, impaired reduction of NBT 
dye, and a variety of leukocytic enzyme defects. 

CASE REPORT 

KL is an I I-year-old Caucasian female referred to George
town University I lospital for evaluation of chronic recurrent skin 
and respiratory infections which began at (l months of age. 
Within the first 2 vcars of life, a series of recurrent throat 
infections occurred ·which were treated successfully with anti
biotics. At (l months of age, pneumonia occurred which did not 
require hospitalization. The patient developed rubeola at 18 
months of age concurrently with her siblings. Shortly thereafter. 
she contracted varicclla and the pox lesions became heavily 
secondarily infected with bacteria. These were especially promi
nent on the skin of the eyelids and perineum. Although de
creased in frequency. the recurrent throat infections have con
tinued to the present, and over the past 3 years, recurrent 
skin infections have also appeared. These have consisted pri
marily of vesiculopustular lesions localized to the skin of the 
perioral regions and legs. Two years ago, the patient developed 
pharyngitis and an abscessed cervical lymph node which re
quired surgical drainage. After a I 0-day course of parenteral 
penicillin therapy, she was placed on daily prophylactic oxacillin 
for approximately I year which significantly lessened the fre
quency and severity of the recurrent skin infections. 

The patient was a product of a full term normal pregnancy. 
Immunizations, including smallpox vaccination, were performed 
without complication. Two weeks after rubella immunization, 
however, rash, malaise and arthralgia occurred, which subsided 
within 3-5 days. She has had contac"t dermatitis due to poison ivy 
and poison oak. 

Physical examination revealed an alert, cooperative, well de
veloped I I-year-old Caucasian female with fair skin and red 
hair. Several scars were present on the skin at the sites of 
previous skin infections and surgical procedures. The spleen tip 
was palpable 1-2 cm below the left costal margin. A grade 1-11/ 
VI innocent systolic murmur was heard along the left sternal 
border. 

Complete blood count revealed a hcmatocrit of 37% and a 
total leukocyte count of 7,500 cells/mm" with 30% polymorpho
nuclear leukrn:ytes, (14% lymphocytes, 2% monocytes, and 4% 
eosinophils; eosinophilia was also noted on several subsequent 
examinations. Urinalysis was within normal limits. Protein elec
trophoresis, immunoelectroplrnresis, and chemotactic studies 
(performed by Dr. Peter A. Ward) were all normal. A Mono 
spot test (Ortho) and febrile agglutinins were negative. Stools 
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were negative for ova and parasites. and blood urea nitrogen, 
crcatininc. blood sugar. alkaline phosphatase , scrum glutamic
oxaloacctic and scrum glutamic-pyruvic transaminascs. and lac
tate dchydrogcnasc were all within normal limits. At the time of 
referral. S111phylococc11s epit!cr111it!is. Strepwcoccus virit!1111s . and 
group D ,B-hemolytic streptococcus were recovered from in
fected skin lesions. Tests of delayed skin hypersensitivity to 
mumps virus were positive hut negative to tuberculin. coccidioi
din. hlastomycin. and histoplasmin . 

!\IA TERI A LS AND METIi ODS 

SUBJECTS 

An I I-year-old female and her family were studied at George
town University Hospital (Table I). Age-adjusted and adult 
subjects were included as control subjects for the biochemical 
and bactericidal studies described below . 

PREPARATION OF LEUKOCYTE SUSPENSION 

M<.:thods for the preparation of a n:lativcly rich suspension of 
granulocytcs were those described by Bachner and Nathan (4) 
with minor modification. as previously described (6). Differen
tial count of this tluid revealed values consistently in excess of 
90% polymorphonuclear leukocytes. 

QUANTITATIVE NITROBLUE TETRAZOLIUJ\1 TEST 

The quanlitativc NBT test was performed by the method of 
Bachner and Nathan (4). results hcing expressed as the change 
in optical density phagocytosing values for 2 .5 x IO,; cells for 15 
min at 37° . 

131\CTERICIDi\L T EST 

The bactericidal assay was performed by the method of Ouic 
£'/ al. (29) using S1aphylococc11s a11re11s as a test strain. The 
results were expressed as the percentage of viable bacteria re
maining after 120 min of incubation with polymorphonuclcar 
leukocytes . 

NEUTROPIIIL ENZYME DETERMI NATIONS 

Cell homogenates were prepared from frozen crude cell sus
pensions by methods described previously (6). The supcrnatants 
were analyzed for protein content (23) and the enzymatic assays 
were performed as described below . 

The activities of G-6-PD. 6-phosphogluconatc dchydrogcnasc 
(6-PGD) , and NA DP-specific glutathionc rcductase in white cell 
lysatcs were determined by the method of Richtcrich (31 ) . 
Glutathionc peroxidase activity was determined by the method 
of Paglia and Valentine (26). The results of all leukoeyte enzyme 
activities arc reported as nanomoles per min per mg protein at 
25°. Leukocyte NADP content was assayed according to the 
pron:durc of Klingenberg (22) and is reported as nanomoles per 
15 min per I 07 leukocytes . The optical densities were deter
mined with a spectrophotometer using I-cm cuvcttes that were 
maintained at 25° by means of a circulating water bath. 

G-6-PD LABILITY AND MIXING EXPERIMENTS 

Experiments were performed to determine the effect of stabi
lizing agents on G-6-PD activity during serial incubation periods 
at 37° according to methods previousl y described (6) . Leukocyte 
homogenates, prepared from leukocytes frozen at -70°, were 
tested both in the absence and presence of 6 µM NJ\DP plus 25 
mM 2-mcrcaptoethanol (2-ME) at 0. 30, 60, and 120 min of 
incubation at 37° (Table 3, Fig . 2). In order to assess the 
possibility of a G-6-PD enzyme inhibitor, leukocyte homoge
nates from the patient and a normal co ntrol subject were mixed 
in equal proportions and !ability studies were performed in 
accordance with the methods just described. The results were 
compared with the !ability studies of the patient's and the con
trol"s cells when tested individually (Fig. 3) . 

RESULTS 

CLINICAL DATA 

Clinical data on the patient's family arc given in Table I and 
according to the pedigree shown in Figure I. It can be seen that. 
of the I 7 members for whom information was available. infec
tion s were seen in the maternal grcatgrandmother (11-2), the 

Table I . Clinical t/11111 011 family 111e111bcrs of patic111 KL - -------- -

Family 
member 

No. in pe
digree Rdation to proband Sex 

Age, 
years 

- - - --·- - - - - -- ----------- - ----
GGM 
GGF 
RA 
KC 

IC 
JE 
SL 
NL 

WL 
cc 
MC 

JE 
Mt· 
BL 

DL 
KL 
ML 

1-1 
1-2 
I 1-1 
11-2 

11-J 
I I 1- 1 
111-2 
I II-J 

I 11-4 
III-5 
IIl-6 

IV-I 
IV-2 
IV-J 

IV-4 
IV-5 
IV-6 

Ma ternal greatgrandmothcr 
l\laterna l greatgrandfather 
l\laternal grandfather 
Materna l grandmother 

Maternal stcpgrandfather 
Unde by marriage 
Mate rnal aunt 
Mother 

f'ath..:r 
Maternal step-aunt 
l\laternal step-undc 

First cousin 
First cousin 
Brother 

Brother 
Proband 
Brother 

F 
1\1 
1\1 
F 

1\1 
1\1 
F 
f' 

1\1 
f 
1\1 

1\1 
1\1 
1\1 

M 
F 
1\1 

Died 72 
Died 82 

54 
54 

56 
28 
27 
J2 

JJ 
Died 21 

17 

J 
2 

14 

I 2 
10 
4 

Age at onset 
o f infections. 

yea rs 

Unknown 
0 
() 

44 

() 

() 

() 

() 

0 

6 / 12 
I 4/ 12 

() 

() 

2 

6/12 
() 

Clinical symptomatology 

Skin infections, chronic bronchitis 
Healthy 
Healthy 
Cyst itis. rash. repea ted bacterial upp.:r respira-

tory infections 
I Icalthy 
Rhe umatic fever, healthy 
Chronic sinusitis, multiple allergies 
Eczema, recurrent periodontal and urinary tract 

infections 
Allergies since childhood 
Repeated pharyngotonsillitis . pancytopenia 
Repeated bacterial pneumonias diagnosed as hy-

pogammaglobulincmia and treated with y-glob
ulin. age 2-6 years 

l\lilk allergy, sinusitis 
Milk allergy, sinusitis, hordeolum 6 mo-I year 
Asthma. recurrent pharyngotonsillitis and olitis 

media . urinary tract infections. boils on skin. 
granuloma removed in 1967 from arm 

Rq,eatcd pharyngotonsillitis and otitis mc·dia (sec 
text) 

Atopic eczema, milk allergy, no recurrent infcc-
tio ns 

- - - ----- - --------·- --- ·-· ··- --- --
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111other (111-3). and two siblings (IV-3 and IY-.t). ;\ strong 

history of allergic disease was obtained in several family mem

bers (11-2, 111-2, 111-3 . 111-.t, IV-I . IV-2. IV-3, IV-6). Although 

a childhood history of hypoga111111aglobuline111ia was obtained in 

a maternal uncle (111-(1). tests of this individual's seru111 immuno

globulin lewis were found to be within nor111al limits . 

NBT AND BJ\CTl:RJCJDAL Tl ' STS 

The results of the quantitative NI3T and bactericidal tests arL· 

given in Table 2. It can be seen that all members of the immedi

ate family exce pt for i\/ L. clinically the healthiest sibling. had 

decreased N l3T dye reduction when compared with age-adjusted 

control subjects (7) . The abnormality was 111ost marked in the 

patient, KL. and two of her 111ale siblings . Bl, and/)/,. The 

patient and several immediate family members also showed 

imparied bactericidal activity. The defect was most 111arked in 

the patient . KL. but was also noted in her father. \\IL. and in 

tl1rcc male siblings. IJL, DL. and ,\/L (Table 2). 

E:'-IZYl\fE STUDIES 

The activities of various leukocyte enzymes and G-(1-PD )abil

it y arc shm\'11 in Table 3 and Figure 2 . The leukocytes of the 

nz: 

2 

t •Deceased 

e:J • Abnorma l Glutoth ione Peroxidaso 

~•Abnormal G-6-PD 

[m • Abnormal Glulathione Reductaso 

5J • Abnormal NBT 

5 
Proband 

Fig. I. Pedigree of the patient's family. 

patient and the t\\O 111ale siblings with i111paircd NBT dye reduc

tion had significantly reduced G-(1-PD activity when tested in the 

absence of NA DP and 2-1\IE at 37° (Table 3) . The results of 

more extensive investigation of G-(1-PD )ability on the patient 

and the immediate family are shown in Figure 2. An extreme 

(ability of leukocyll' G-(,-PD was obsnvcd in the patient, even 

\\hen tested in the presenc-: of 2-1\IE and NAD P. G-(1-PD 

lahilit y was not detecll'd in any other fa111il y members when 

tested in the presence of those stabilizing agents (Fig. 2). 
A separate set of experiments wen: performed to assess the 

possibility of an inhibitory fa,tor in the leukocytes of the patient 

(Fig. 3). The va lues obtained from a mixture of leukocyte ho

mogenates from the patient ;111d a control subject \H'rc interme

diate between those values found in either leukocyte homoge

nate tested individually. indicating that a G-(i-PD inhibitory 

factor was not present. No abnor111alities in leukocyte (,-PGD 

were detected in any member of the family (Table 3). Activities 

of NADP!-1-specific glutathione redu,tase were found to he 

significantly reduced in the parents and two male siblings. DL 
and BL. Leukocy te glutathione peroxidase activity was signifi

cantl y deneased in the leukocytes of the patient , her parents . all 

three male siblings. and the maternal grandmother (Table 3). 

Finally , leukocyte NADP levels were measured in the patient, 

several members of her fa111il y. and nor111al control white cells. 

The average NADP content of norm a l control leukocytes was 

52.0 ± (1.2 (SEl\1) . In the family members tested. the patient's 

cells had the hl\\est level ( 16 .S ). whereas those of her father 

(23..t) and two male siblings. IJL (22 .2) and DL (28.2) . were 

intermediate between the patient and control values. 

DISCUSSION 

The present report represents the first description of neutro

phil dysfunction in a family in association with multiple deficien

cies of leukocyte L' nzymes . Although diminished leukocyte glu

tathionc peroxidase has been observed in both male (24) and 

km ale ( 18) patients with CGD, the unique finding of leukocyte 

G-6-PD )ability together with several leukocyte enzyme defects 

has not been previously d escribed . Furthermore. the current 

findings suggest a disorder of neutrophil function with an autoso

mal recessive mode of inheritance . 
Several specific L·nzymatic deficiencies have been reported in 

CGD (I). These abnormalities appear to result in an impaired 

production of endogenous H,O, . In the normal individual. H,O, 
combines with halide and m ydoperoxidase and forms a potent 

bactericidal complex (20) (Fig. 4). Bachner and Karnovsky (2) 
demonstrated an NADH oxidase dcfi,iency in four female and 

one male patient with CGD . In three male pati e nts. Bellanti ct 

al. (6) found a labile leukocyte G-6-PD enzyme which under

went an accelerated rate of decay under conditions of either 

storage at 4()° or heating at 38°. A deficiency in leukocyte 

Table 2 . Uc.mfrs of 11itrol>f11c tctra::.ofi11111 N BT and hactcricidaf tests 
- ------· 

Age. 
Subject NIH' 

Normal for age :t 

SE years 
--- ----- ----·---

Relation to proband 
Number in pe

digree 
- --- --~-- ------ -- -·-·--- - -·· · · ---

lmml'dial<: family 
KL 
\\'L 
NL 
UL 
/JL 
,\f/, 

Other relatives ksted 
KC 
MC 
s1c· 

C,,ntrols 

11 
33 
32 
1--1 
12 

..j 

5--1 
17 
2--1 

l'rnhand 
Father 
l\lnthcr 
Brother 
Brother 
Brother 

I\ latcrnal gra ndmot her 
l\latcrnal stL'p-unck 
l\latcrnal aunt 

IY-5 
111---1 
II 1-3 
IY-3 
IY---1 
IV-(, 

11-2 
111-(, 
111-2 

1 RL"sults arc expressed as .:lOD at S IS mµ./2.S x 10'1 lcukocyt.:s/15 min at 37°. 

0 .07--1 
0.111 
ll . I 23 
0.088 
0.0(,:i 
0.172 

0 . 141' 

0. I 75 
0.1 (,8 

0.161 

' Expressed as perl'cntag<: of viable bacteria remaining aftc·r 120 min of incubation with leukocytes. 

0. 175 :t 0 .02-l 
0.20(, :t 0.025 
0 .20(, :t ll .025 
0.175 :t 0 .02-l 
0.175 :t 0.02-l 
0. I -11' :t 0.013 

0.20(, ± 0.025 
0 . 175 :t 0 .02.\ 
0.175 :': 0.02--1 

Bal'tericidal ac
tivity" % 

..j(, 

38 
2-1 
30 
35 
35 

8 
IS 
32 
2<, 
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Table 3. Leukocyte enzyme activities 1 

No. in pc- G-6-PD + GSSG reduc- GSH peroxi-
Subject Relation to proband digree G-6-PD2 NADP + 2-ME 6-PGD lase dase 

KL Proband IV-5 173 107 44 30 38.54 

WL Father III-4 99 110 33 18" 41.0 
NL Mother 111-3 96 112 37 233 30.0 
BL Brother IV-3 58" 110 45 233 11.2" 
DL Brother IV-4 37" 106 40 244 39.04 

ML Brother IV-6 84 150 57 30 38.04 

KC Maternal grandmother 11-2 94 154 57 27 43.0' 
SE Maternal aunt 111-2 143 212 89 33 75.0 

Control 118.0 ± 4.0 129.8 ± 12.5 46.2 ± 2.1 30.9 ± 0.5 82.7 ± 3.23 
(11 = 37) (11 = 4) (11 = 44) (11 = 26) (11 = 26) 

1 Enzyme activity values expressed as nanomolcs per min per mg protein ± SE mean. G-6-PD: glucose-6-phosphate dehydrogenase; 2-ME: 2-
mercaptoethanol; 6-PGD: 6-phosphogluconate dchydrogenase; GSSG: oxidized glutathione; GSH: reduced glutathione. 

2 No enzyme stabilizing agents added. 
3 Statistical significance compared to normal (Student"s I-test); P < 0.005. 
4 p < 0.01. 
5 p < 0.025. 
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80 

>. -> -0 
<t 
::,l! 40 
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20 

x~ 

B.L., M.L. 
D.L. 
K.C. 
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_-_- - - - - _ --+ Control 
--- N.L. 

- ---. W.L. 

'~K.L 

30 60 90 120 
Incubation Time (Minutes at 37°C) 

Fig. 2. Leukocyte glucose-6-phosphate dehydrogenase !ability of pa
tient (KL) and her immediate family. 
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------<>(Control+ Patient) 
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K.L. (Patient) 
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Incubation Time (Minutes at 37°C) 

Fig. 3. Leukocyte glucose-6-phosphate dehydrogenase mixing experi
ment. 

glutathionc peroxidase was first described in females with CGD 
(18), and subsequently in a male child with this syndrome (24). 
In contrast to the present studies, however, a !ability of G-6-PD 
was not detected. Another two patients with CGD have been 
shown to have deficient leukocyte superoxide production (13). 
The importance of the supcroxidc radical is that it can be bacte
ricidal itself, or it may be further reduced to H 20 2 . The H 202 

formed may react with additional molecules of superoxidc to 

Glycogen . 

l 
(Leukocytic) Hz02 (Bactenol) 

~HzOz 

CT> [NAOPJ\@Oz (Pl HzO +Oz 
Glucose-Glucose-6-P7 GSH HzOz-HzOzY 

NADPH Q)) C ~MPD 
6-Phosphogluconote GSSG HzO +(Halide) 

l(NADP-._ 
@ NADPH) Bactericidal 

Complex 
6-Ribulose 5-Phosphate 

NAD / [ l [NAO] HzOz (Leukocyticl 

(j) r® 
NADH ~Oz 

NAOH (D Glutathione pe~oxidose 

Loctote-Pyruvote 

@ l 
Krebs Cycle 

(2) NAOPH Specific glutathione reductase 
Glucose-6-phosphote dehydroQenase 

@ NADPH oxidose 
@ 6-Phosphogluconate dehydrogenose 
@ NAOH oxidose 
(j) Phosphoglyceraldehy_de dehydrogenase 
@ NADH-linked lactic dehydrogenase 
® Cata lose 

MPO= myeloperoxidase 

Fig. 4. Leukocyte enzyme biochemistry. 

form hydroxyl radicals or may participate in the production of 
bactericidal aldehydes (32). An iodination defect has also been 
described in the leukocytes of patients with CG D (21). 

In the present studies the labile G-6-PD enzyme in the leuko
cytes of the two male siblings could be stabilized by the addition 
of NADP and 2-ME, indicating the importance of this cofactor 
and of sulfhydral linkages in stabilization. The patient's G-6-PD 
was so severly labile, however, that stabilization was not possible 
even with the use of both of these agents (Fig. 1). The leukocyte 
G-6-PD !ability in this family could be explained by the reduced 
content of leukocyte NADP, a deficiency of stabilizing factors, 
or an altered NADP to NADPH ratio as suggested by the studies 
of Erickson et al. (15). This is consistent with the findings of 
Yoshida (35), which indicate that monomeric G-6-PD is linked 
together by a molecule of NADP, forming an active dimer. 

Abnormalities in the glutathionc system were also detected in 
this kindred (Fig. 1, Table 3 ). The finding of diminished activity 
of glutathione peroxidase is of interest because of the data of 
Strauss et al. (33). These authors have suggested a primary role 
for the glutathionc system in initiating the biochemical cascade 
resulting in the marked increase in HMP activity and H 20 2 

production necessary for normal bactericidal activity. The defi
ciency in NADPH-specific glutathione reductase detected in the 
two male siblings with G-6-PD !ability and in both parents 
further differentiates this particular syndrome of ncutrophil dys
function from the classic X-linked form in which an elevated 
activity of leukocyte glutathionc rcductase was reported ( 18). 
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In the framework of the schema proposed by Klebanoff (20), 
depicting the inter-relationships of the leukocyte enzymes (Fig. 
4). three recent communications help to elucidate the pathogc
nctic mechanisms involved in this kindrcd's disorder. 

On the basis of results obtained using a granulocytc-frcc 
system in which xanthinc oxidasc is substituted for NADPII 
oxidasc, Curnutte ('f al. ( I I) speculated that the bulk of the 
oxidation that occurs when NADPH. granulocytc particles. and 
manganese arc incubated together takes place via a noncnzy
matic free radical chain reaction. They concluded that the func
tion of NA DPII oxidasc would be to generate the supcroxidc 
radical necessary to initiate this reaction. These results arc perti
nent in that these authors have previously reported ( 12) a defect 
in the pyridine nucleotide dependent production of supcroxidc 
in the leukocytes of three patients with X-linkcd CGD. They 
favored NADPII oxidasc as the defective enzyme in these pa
tients. Hohn and Lehrer ( 16) have demonstrated that the activ
ity of NADPH oxidasc in polymorphonuclear leukocytes from 
patients with CGD was 8% of normal. These authors concluded 
that the absence of a cyanide-insensitive NADPH oxidasc or a 
deficiency in its activation is the primary metabolic defect in 
the X-linkcd CGD syndrome. Our data is consistent with both 
of these findings in that a deficiency in the NADPH oxidasc 
system could result in reduced leukocyte NADP content and the 
G-6-PD !ability. Since NADP is a regulator of HI\IP activity (5), 
its unavailability would inhibit the direct oxidation of glucose 
through the HMP either directly, or secondarily by inactivation 
of G-6-PD, accounting for the well known decreased HMP activ
ity in CGD leukocytes (3, 17). It is tempting to speculate that a 
defect in the NADP generating system could also be related 
to the decreased activity of glutathionc peroxidase, since this en
zyme requires HtOt as a substrate (Fig. 4). Thus, a defect in 
the NADPH oxidasc system could not only account for our bio
chemical findings, but also the inability of the leukocytes to 
produce lliOi supcroxidc, thereby causing a defect in their bac
tericidal function. 

Although the affected male members of this family have not 
had fulminant bacterial infections, we feel that their clinical 
manifestations arc compatible with the courses of patients previ
ously described (8, 25) who have manifested a milder clinical 
form of CGD. The hctcrozygosity demonstrated in this kindred 
is consistent with an autosomal recessive mode of transmission. 
The patient, who manifests the most severe clinical illness, 
would be homozygous; the unaffected male sibling,,\/[), and the 
parents, NL and W L, would be unaffected carriers of the gene; 
and the other two male siblings. DL and BL, would be hctcrozy
gotcs with an intermediate form of expression accounting for 
both their mild clinical findings, their impaired N13T dye reduc
tion, and decreased bactericidal activity. The study of this 
kindred has provided further evidence that CGD represents a 
spectrum of leukocyte enzyme abnormalities and has implicatcd 
G-6-PD !ability and the NADP generating system as an etiologic 
factor in the ncutrophil dysfunction of this kindred. 

CONCLUSION 

The activities of several leukocyte enzymes were found to be 
diminished in a female patient with CGD and several members 
studied. A !ability of leukocyte G-(1-PD was observed in the 
patient and two affected male siblings. A deficiency in glutathi
onc rcductasc was seen in the parents and the two affected 
brothers. Diminished glutathionc peroxidase was observed in all 
of the immediate family members. The leukocyte N ADP content 
was decreased in the proband, her father, and the two affected 
male children. These findings suggest an autosnmal recessive 
mode of inheritance and provide further evidence for the hetero
geneity of enzymatic dcfccts of the leukocyte which underly the 
clinical syndrome of CG D. 
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Albumin difference spectroscopy 
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Influence of Intravenous Nutrients on Bilirubin 
Transport. I. A1nino Acid Solutions 
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ncp11r1111c111 of l'nli111rics 1111d Ura /frsc11rch Cc111a , U11il'[-r.1·i1_1· of C11/iji1mia, San Francisco and Dcpart111c111 of 
l', ·diatrics, U11i1·a.1itr of C11/iji1mi11. l>m·is, C11/iji1mia, USA 

Summar,· 

The efTel'ls of synthetic amino acids on hiliruhin transport 
were innstigated with competith·e binding assa,·s, peroxidase 
assays, isotopic studies of hiliruhin uptake by red cells, and 
difference spectroscopy. Results indkated that amino acids had 
no significant effect on the distribution of hilirubin at pigment to 
alhumin molar ratios likel)· to he enrnuntered in clinical situa
tions. 

Spen1Iatio11 

Amiuo acids in solution do not appear to interkre with hiliru
hin transport. l'an·nteral alimentalion with amino acids should 
he a sarc procedure in jaundiced p:1tients. 

Parenteral feeding is frequently required in premature and 
sick newborn infants who an: un,1hle to take adequate nutrition 
by lllllllth. ThL" past ,kcadc· has hrllt1 ght IL'chnical advances 
which make it possible t,1 supply not only carbohydrate. but also 
fat and amino acids b v an inlravL·nous route . l3v lhcsc means. 
susla incd gro11·th has l;ccn achicvL·d in both prcn;aturc and tam 
infants (2 . .1). 

U nconjuga t,:d hypL· rhiliruhinL'lllia is frcq11cntly prese nt in sick 
newbo rn s rL·L· civing high cnncL·ntrations of amino acids and/or 
lipids. Since the possibilit y of b : rnic te rus is known to he in
creased b y thcrapL·utic agents which int e rfere with binding of 
biliruhin to plasma albumin (7 , 1 I) . it is important to evaluate 
the dkct of parenteral nutrient sol11ti<1ns on biliruhin transport. 
This study evaluates the influence nf a commercially available 
synthL'lic amino acid sol11tion 011 bilirubin binding to human 
scrum al bumin and red blood cells . 

~IATElllALS AI\D ~11.:TIIODS 

A stock 8 'J,. solution of ami,w acids in electrol y te medium 
(Vcinaminc, Cutter LaboratoriL'S, Inc, lkrkclcy, California) 
was 11scd in all experime nts . This preparation contains a ll essen
tial amino acids and a balanced mixture of nonessential amino 
acids (Table I). Glycine is a principal wnstituL·nt (3.-1- g/1 llll ml) . 
The osnwlality of the st,>ck solution is approximatdy 'J32 
mOsm /liter. 

Bilirubin-human albumin snlutions 11crc prepared by dissolv
ing hiliruhin (Si gma) in 0 .5 N NaOl I and adding the bilirubin to 
albumin (crystalline. Cultn) disso ll'l'J in 0.055 :\I phosphate 
buffer , pH 7A. ionic s trength 0.1:i. All biliruhin solutions were 
prepared and maint a ined in thL' dark or subdued light. Final pH 
of biliruhin-albumin solutions was 7 .-1-. 

The interaction of amino acids with biliruhin-alhumin co m
pkxcs and transport were sludicd by compL'litivc binding assays 
using dwlcstyraminc and SL·phadcx gel filtrati,ln, the peroxidase 
assay. rcd cell uptake of radioactive hilirubin. and by an analysis 
of absorption spL-ctra. 

Cl IOLl '. STYRA\ tl NE lll~Dl~G 

C.\impL'litivc binding hL'lwe L·n albumin and chokstyraminc 
( 12) was studied using a prncL·durc modifiL·d from Schmid ct al. 
( I 0) . Bilirubin-alhumin so lutions were prepared «1 contain 5 g/ 
l(Hl ml hum a n scrum ,ilbumin ; bilirubin/albumin molar rati os nf 
() .5. 1 .0 . 2 .O; a nd amino acid concL·ntrations of 0. 0 .80. and 2 .(, 7 
g/100ml. An equal volume of prcwashed clrnkstyramin c ( 12) 
s11spL' nsirn1 was added :111d th e 111i\ture was stirred co11st:111tl y . 
,\liquuts 1\crc re11101"L'd at tl, 15 . .:;o_ (10, and 1Jtl min of cxposurL' 
and filtcrl'd free of resin thrnugh gl:1ss 1\001. The conccntrnti,111 
of hilir11bin l"L'lll:tining in individu a l filtrates was dL'lcrminL·d by 
lhc lllL'thml of l\lalloy and EvL·lyn (<i). Conlrol cxpcrimL·nts in 


