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the elastic fibers of the connective tissue and
blood vessels were very well stained.

Chromatography: Perhaps the most inter-
esting observation was the presence of two
phosphoinositides which were in greater rela-
tive concentration than in the CSF (Fig. 2).
The lower inositide appeared to be diphos-
phoinositide on the basis of a direct chroma-
tographic comparison with guinea pig brain
extract and with fraction I isolated from
guinea pig brain by the Folch technique(3).
Although the choroid plexus contained cardio-
lipin (Fig. 2) as expected from the strong
reaction for succinic dehydrogenase indicat-
ing the presence of mitochondria, unlike CSF
it was negative for plasmalogen.

Discussion. We suggested earlier that lipids
of the CSF may be contributed by the cho-
roid plexus. The similarities of the respective
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lipid patterns, especially the 2 inositides (not
examined for in the earlier CSF work) may
strengthen this suggestion. The plasmalogen
positive cardiolipin of CSF remains unex-
plained.

Summary. Some histochemical features of
human choroid plexus are described and the
lipid pattern of chloroform:methanol extracts
of choroid plexus are compared with CSF.
Two phosphoinositides were demonstrated in
both specimens, and although cardiolipin is
present in choroid plexus it is plasmalogen
negative.
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Measurement of Gamma Globulin in Germfree Guinea Pigs by

Hemagglutination Inhibition.

(28678)

STEwWART SELL (Introduced by Edwin M. Lerner II)
Laboratory of Germfree Animal Research, National Institute of Allergy and Infectious Diseases,
National Institutes of Health, Bethesda, Md.

During experiments with germfree guinea
pigs it became necessary to measure the gam-
ma globulin of large numbers of animals with
low serum gamma globulin concentrations.
Because electrophoretic methods are not ac-
curate for estimation of low levels of gamma
globulin(1), a search was made for an im-
munochemical method which would be accu-
rate at low levels, require only small amounts
of serum, and could be carried out with
minimum effort. Inhibition of the Coomb’s
reaction of human erythrocytes coated with
specific anti-Rh antibodies, has been reported
to be an accurate method(2-4) for measure-
ment of low levels of gamma globulin in
human sera. Latex particles coated with spe-
cific anti-human gamma globulin have been
used to estimate serum gamma globulin con-
centrations, but this technique requires a spe-
cific anti-gamma globulin antibody, a compli-
cated standardization procedure and has a
graded endpoint(5). This report describes a

hemagglutination inhibition procedure which
is sensitive at low gamma globulin concentra-
tions, can be applied to various species, has a
sharp endpoint and, when combined with the
microtiter dilution technique of Takatsy(6,
7), permits a rapid measurement of gamma
globulin levels in large numbers of animals.

Materials and methods. Preparation of
gamma globulin. Guinea pig gamma globulin
was obtained by fractionation of pooled nor-
mal guinea pig serum by diethylaminoethyl
cellulose chromatography(8). The first peak
of protein was concentrated by ultra-filtra-
tion, dialyzed against 0.85% NaCl and tested
for protein content by double diffusion
in agar(9) and immunoelectrophoresis(10)
against potent rabbit anti-whole guinea pig
serum. Only a single gamma globulin pre-
cipitation line was obtained.

Rabbit anti-guinea pig gamma globulin
serum. Antiserum was produced in rabbits
by immunizing them with an aliquot of the
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guinea pig gamma globulin in complete
Freund’s adjuvant. The adjuvant contained
0.85 ml Bayol F, 0.15 ml Arlacel, and 0.75
mg killed Mycobacterium tuberculosis H37 Rv
per ml. The adjuvant was emulsified with an
equal volume of 0.85% NaCl containing 0.75
mg protein per ml. Four-tenths ml of the
emulsion was injected intradermally into each
rear foot pad of 2 rabbits. The same volume
was injected in each flank 2 weeks later so
that each animal received a total of 1.6
ml of antigen-adjuvant mixture containing
a total of 0.6 mg of protein and 0.6 mg of
M. tuberculosis. At weekly intervals follow-
ing the second injections, 40 ml of whole
blood was collected from the ear vein of
each rabbit. The serum was separated by
centrifugation, 1:10,000 merthiolate added,
and each sample frozen separately.

The antiserum produced a single precipitin
line against whole guinea pig serum that
formed a line of identity with gamma globulin
preparations in double diffusion in agar. The
antiserum also formed a line consistent with
gamma globulin upon immunoelectrophoresis
against whole guinea pig serum.

A combination of double diffusion in agar
and immunoelectrophoresis using special re-
agents(11) was used to demonstrate that this
antiserum reacted with the common antigenic
determinants of both the fast (y;) and slow
(y2) moving portions of 7s gamma globulin,
but not with the determinants unique for
the fast component (Fig. 1). Normal guinea
pig serum was concentrated by ultracentrifu-
gation and subjected to immunoelectropho-
resis. By reaction with specific antiserum
(G-20, upper trough)* the precipitin bands
of both the fast (y; or B2A) and slow (y2)
portions of 7s gamma globulin in the normal
serum, as well as a beta globulin, were
formed. These lines were extended laterally
by addition of guinea pig gamma globulin
isolated by block electrophoresis to the
lower trough. A well at the end of the
slide was filled with the antiserum to be
tested (AS). The reaction of the antiserum
(AS) with both fast and slow gamma globulin

*Kindly supplied by Dr. Howard C. Goodman,
Laboratory of Immunology, NIAID.
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FIG. 1. Composite drawing of immunoelectro-
phoretic patterns demonstrating the reaction of
the rabbit anti-guinea pig gamma globulin anti-
serum (AS) with the common antigenic determi-
nants of both the fast (y:) and the slow (v2)
moving components of guinea pig gamma globulin
(see text).

components was demonstrated by the fusion
of both the v; and . lateral lines with the
circular precipitin line formed by antiserum
AS. A lateral precipitin line formed by a
protein not reacting with AS would have ex-
tended through the circular precipitin line
around the well containing AS. This effect
was observed by adding a gamma globulin
preparation containing beta globulins to the
lower trough. The resulting beta precipitin
line extended laterally from the beta arc (8)
and passed through the circular precipitin
line around the lateral (AS) well.

Test Procedure. Formalinized(12), tanned
sheep erythrocytes were sensitized with the
guinea pig gamma globulin preparation (0.5
mg guinea pig gamma globulin per ml of
packed cells) by the method of Stavitsky
(13). Dilutions of known amounts of guinea
pig gamma globulin or guinea pig sera were
made in a 1:100 saline dilution of normal
rabbit serum using a modification of the
microtiter technique of Takatsy(6,7). Two-
fold serial dilutions of the unknown guinea
pig sera were made in 2 rows; one beginning
with a 1:2 dilution, the other with a 1:3
dilution, in order to obtain staggered end-
points. To each well was then added a con-
stant dilution of the rabbit anti-guinea pig
gamma globulin serum. After 30 minutes at
room temperature, to permit the rabbit anti-
serum to react with the gamma globulin pres-
ent, one drop (0.025 ml) of a 1% suspension
of the sensitized erythrocytes was added to
each well. The plates were then agitated to
suspend the erythrocytes, placed at 4°C over-
night, and read the following morning.

Results. Addition of guinea pig gamma
globulin antiserum inhibited the agglutination
globulin to rabbit anti-guinea pig gamma



364

of erythrocytes sensitized with guinea pig
gamma globulin. In the wells that contained
sufficient gamma globulin to react completely
with all of the rabbit anti-gamma globulin
antibody added (antigen excess), no antibody
remained to react with the sensitized erythro-
cytes subsequently added, and no agglutina-
tion occurred. However, in those wells that
contained excess anti-guinea pig gamma glob-
ulin antiserum, there was agglutination of the
erythrocytes sensitized with guinea pig gam-
ma globulin. Thus, inhibition of agglutination
depended directly on the amount of guinea
pig gamma globulin added to each well. The
lowest concentration of a known solution of
gamma globulin which caused hemagglutina-
tion inhibition when added to each of the 4
constant antiserum dilutions was considered
the endpoint (extinction concentration) for
the given antiserum dilution. The results with
serial dilutions of known amounts of guinea
pig gamma globulin are shown in Fig. 2 and
Table I. As the dilution of the rabbit anti-
serum used was increased, smaller amounts of
gamma globulin were detectable. Thus, the
extinction concentration in the 1:50 dilution
of the rabbit anti-gamma antiserum was
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FIG. 2. Calibration of hemagglutination inhibi-
tion test. An even distribution of cells indicates
agglutination; a button indicates no agglutination.
Serial dilutions of known concentrations of guinea
pig gamma globulin start at the top of each
column. When enough gamma globulin is present
to combine with all of the rabbit anti-gamma
globulin antiserum, no agglutination of the gamma
globulin coated erythrocytes oceurs. The highest
dilution of gamma globulin giving inhibition is
the end-point. By multiplying the end-point dilu-
tion by the starting concentration, the lowest effec-
tive concentration is calculated and is defined as
the extinetion concentration.
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TABLE I. Calibration of Extinction Concentra-
tions and Absolute Quantities of Guinea Pig
Gamma Globulin Detected by Hemagglutination
Inhibition Titration Against Constant Dilutions
of Rabbit Anti-Guinea Pig Gamma Globulin Anti-

serum.
Dilution of
rabbit anti-
guinea pig  Lowest in- Highest non- Absolute
gamma hibitory inhibitory  quantity
globulin conce® cone detectedt
antiserum (mg/ml) (mg/ml) (ug)
1:50 .080 .068 2.0
1:100 044 .034 1.1
1:200 .0125 .010 .36
1:500 .004 .0031 a

* Extinction concentration.

t Smallest absolute amount of guinea pig gamma
globulin detectable. Calculated by multiplying the
extinetion concentration by the volume added
(.025 ml).

0.080 mg/ml, 0.044 in the 1:100 dilution;
0.0125 mg/ml in the 1:200 dilution and
0.004 mg/ml in the 1:500 dilution. Since
only 0.025 ml of each dilution of gamma glob-
ulin was added to each well, the absolute
amount of guinea pig gamma globulin detect-
able at the 1:50 dilution of rabbit antiserum
was 2.0 pg; 1.1 pg at the 1:100 dilution;
0.36 pg at the 1:200 dilution; and 0.1 pg at
the 1:500 dilution. However, as the dilutions
of the antiserum increased the endpoints be-
came less distinct. This did not interfere with
endpoint readings until dilutions greater than
1:500 were used.

For determinations of unknown amounts of
gamma globulin in sera, a 1:100 dilution of
the antiserum was chosen. This dilution pro-
vided clear endpoints, satisfactory resolution,
and extinction titers within a convenient
range of the dilution system used. The gam-
ma globulin concentrations of the unknown
sera were calculated by multiplying the re-
ciprocal of the highest effective dilution (end-
point) of the test serum by the extinction
concentration of the 1:100 antiserum dilu-
tion. For example the gamma globulin level
of an unknown serum with an inhibition end-
point of 1:16 was determined by multiplying
16 by 0.044 mg/ml (Table I) giving a serum
gamma globulin concentration of 0.70 mg/ml
or 70 mg%. Table II shows the serum gamma
globulin levels in 6 weeks’ old germfree(14)
and normal guinea pigs obtained by this
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TABLE II. Gamma Globulin Levels in Germfree
and Normal Guinea Pigs Determined by Hemag-
glutination Inhibition and Paper Eleetrophoresis.

Germfree (12)* Normal (8)*

Test Mean  Range Mean Range
Hemagglutina- 51.3t 35.2- 70 370 282422
tion inhibition
Paper electro- 174 134 242 310 231-404

phoresis

* No. of animals.
t mg of gamma globulin/100 ml of serum.

method and by paper electrophoresis and the
biuret reaction(15). The average serum
gamma globulin level of normal animals was
310 mg% by paper electrophoresis and 370
mg% by hemagglutination inhibition. At low
serum concentrations, the hemagglutination
inhibition technique had markedly greater
accuracy. The serum gamma globulin con-
centrations of the germfree animals obtained
by this method were one-third to one-fourth
(51 mg%) of the levels indicated by paper
electrophoresis (174 mg%).

Discussion. The hemagglutination inhibi-
tion technique described above provides a
rapid, convenient, and accurate method for
measuring low levels of serum gamma glob-
ulin in the guinea pig. This method could be
applied to gamma globulin determinations in
other species by varying the antigen-antibody
system. In addition, any serum protein com-
ponent which can be isolated in purified form
lends itself to quantitation by this method.
It is not necessary to obtain a specific anti-
serum, although this was done in the present
case. A dilution of an anti-whole serum anti-
body could serve just as well as the specific
anti-protein antibody so long as the material
coating the cells is a single protein and the
anti-whole serum antibody contained anti-
bodies to this same protein. In fact, hemag-
glutination inhibition has been used for de-
tection of thyroglobulin(16,17), and liver
protein(18) in serum, as well as gamma glob-
ulin(19).

Immunochemical methods are more accu-
rate than electrophoretic procedures for meas-
urement of minute amounts of antigens(1).
Quantitative precipitin(20-22), simple gel-
diffusion(23) and precipitation inhibition
(24) have also been used to measure levels of
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gamma globulin too low to be determined by
electrophoretic  methods.  Electrophoretic
methods may not detect concentrations as
low as 50 mg% and may have an error of
100% at a concentration of 100 mg%/(1).
Paper electrophoretic determination of gam-
ma globulin levels has shown less than a
2-fold difference between the germfree and
normal animal(25), but as shown here, paper
electrophoresis does not reflect the true 5- to
6-fold difference. Similarly, greater differences
were found in levels of gamma globulin in
germfree and normal rats(22) when measured
by the quantitative precipitin technique,
than when measured by paper electrophoresis.
Thus, although there are theoretical reserva-
tions to quantitation by immunochemical
methods(1,26), these methods are generally
more sensitive and accurate than electropho-
retic analysis at low levels of gamma globulin.

The validity of the method is directly re-
lated to knowledge of the specific. immuno-
logical reaction. By careful evaluation of the
reaction of the antiserum used for quanti-
tation and the antigen coating the erythro-
cyte, a fairly good estimate of exactly what
proteins are being measured can be made.
The antiserum used in the present study was
tested and shown to react with the common
antigenic determinants of the fast (y;) and
slow (y2) gamma globulins of the guinea pig.
This test demonstrated that: 1) the fast and
slow gamma globulins share common anti-
genic determinants in the guinea pig as in
other species(11,27,28), and 2) since reac-
tions with other serum proteins were not de-
tectable, the antiserum must have measured
only the 7s gamma globulins.

The error arising from dilutions starting
with a single concentration was decreased by
running parallel serial dilutions starting with
2 different concentrations. At low concentra-
tions of gamma globulin small differences be-
tween sera were easily distinguished by
hemagglutination inhibition, but at normal
concentrations of gamma globulin the same
small differences were not detected. Thus,
differences between 20, 30 and 40 mg%
were resolvable, while differences between
320, 330 and 340 mg% were not.

Summary. Guinea pig serum or gamma
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globulin inhibits agglutination of erythrocytes
coated with guinea pig gamma globulin when
added to rabbit anti-guinea pig gamma globu-
lin antiserum. This inhibitory effect provides
a convenient, accurate, and readily inter-
preted technique for measurement of low con-
centrations of serum gamma globulin. The
serum gamma globulin concentrations of
germfree guinea pigs are about one-fifth those
of normal guinea pigs when measured by this
method, which is much lower than previously
reported. The quantitative hemagglutination
inhibition technique is more accurate than
paper electrophoresis, and its principle is po-
tentially applicable to measurements of many
proteins or other antigenic materials.

1. Janeway, C. A, Gitlin, D., Advances in Pedi-
atrics, 1957, v9, 65.

2. Weiner, A. S., Gordon, E. B., Am. J. Clin. Path.,
1953, v23, 429.

3. Weiner, A. S, ibid., 1957, v25, 595.

4. Grubb, R., Acta Path. et Micro. Scand., 1956,
v38, 339.

5. Taylor, J. F., Am. J. Med. Tech., 1961, v27,
241.

6. Takatsy, G., Acta Micro. Acad. Sci. Hung.,
1955, v3, 191.

7. Sever, J. L., J. Immunol., 1962, v88, 320.

8. Peterson, E. A., Wyckoff, M. M., Sober, H. A,
Arch. Biochem. Biophys., 1961, v93, 428.

9. Ouchterlony, O., Acta Path. Micro. Scand.,
1949, v26, 507.

10. Scheidegger, J. J., Int. Arch. Allergy, 1955, v7,
103.

PERPHENAZINE 1IN Prrurrarv-HyporHALAMUS CO-CULTURE

11. Goodman, H. C., Robbins, J., Exum, D., Fed.
Proc., 1963, v22, 497.

12. Csizmas, L., Proc. Soc. Exp. BioL. aANp MED.,
1960, v103, 157.

13. Stavitsky, A. B., Arquilla, E. R., Int. Arch.
Allergy and Appl. Immunol., 1958, v13, 1.

14. Phillips, B., Wolfe, P. A.,, Gordon, H. A,
Ann. N. Y. Acad. Sci., 1959, v78, 183.

15. Technical Bulletin No. TB 6050A, Spinco Div.
Beckman Instruments, Inc., April 1958; Caraway,
W. T., Fanger, H., Am. J. Clin. Path., 1955, v25, 317.

16. Hjort, T., Lancet, 1961, v1, 1262.

17. , Acta Path. et Micro. Scand., 1962,
Suppl. 154, 250.

18. Sargent, A. V., Richter, M., Rose, B., Fed.
Proc., 1963, v22, 498.

19. Fishman, M., J. Exp. Med., 1961, v114, 837.

20. Goodman, M., Ramsey, D. S., Simpson, W. L.,
Remp, D. G., Bosinski, D. H.,, Bremman, M. S,
J. Lab. Clin. Med., 1957, v49, 151.

21. Zak, S. J., Good, R. A, J. Clin. Invest., 1959,
v38, 579.

22. Gustafsson, B. E., Laurell, C. B, J. Exp. Med.,
1959, v110, 675.

23. Huntley, C. C., Pediatrics, 1963, v31, 123.

24, Weiler, R. J., Hofstra, D., Szentivanyi, A.,
Blaisdell, R., Talmage, D. W., J. Immunol., 1960,
v85, 130.

25. Newton, W. L., DeWitt, W. B., J. Nutrit., 1961,
v75, 145.

26. Jager, B. V., Fed. Proc., 1953, v12, 723,

27. Fahey, J. L., J. Immunol., 1963, v90, 576.

28. Benacerraf, B., Ovary, F., Block, K. J., Frank-
lin, E. C,, J. Exp. Med., 1963, v117, 937.

Received July 18, 1963. P.S.EB.M., 1963, v114.

Stimulation of Prolactin Secretion by Perphenazine in Pituitary-

Hypothalamus Organ Culture.*
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Transplantation of the anterior hypophysis
into the kidney capsule of the rat maintains
functional corpora lutea for prolonged pe-
riods(1,2) and initiates lactation in estrogen-
primed rats(3). A similar effect resulted from
infliction of a specific hypothalamic lesion in
the estrogen-primed rabbit(4). Initiation of

* Generously aided by a grant from the U.S.D.A.

lactation was also reported following admin-
istration of chlorpromazine to women(5) and
estrogen-primed rats(6) and of reserpine to
estrogen-primed rabbits(7,8). Sulman and
Winnik(11,12) have postulated that these
effects are the result of hypothalamic depres-
sion by the above drugs, but no direct proof
of this is available.

Recently Meites et al(13) succeeded in



