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Effect of Hyperimmune Rabbit Serum on Intracellular Growth of 
Mycobacterium bovis.* (30528) 

PAUL T. SUGIHARA, EDWIN A. BROSBE AND C. RICHARD SUITH 
Veterans Administration Hospital, Long Beach, Calif. 

Experimental evidence of humoral immu- 
nity in tuberculosis is inconclusive( 1,2). Al- 
though the presence of a phagocytosis-pro- 
moting factor in sera from tuberculous ani- 
mals(3) and patients(4) has been demon- 
strated, opsonization as a positive role in 
resistance to tuberculosis is controversial (5). 
Fong et aZ(6) reported that immune serum 
increased the resistance of immune histio- 
cytes to the toxic effect of virulent 
tubercle bacilli. However, this resistance fac- 
tor was nonspecific, Recently, Hsu( 7 )  found 
that, although the growth of M .  tubercuzosis 
in macrophages of susceptible rabbits was not 
suppressed in the presence of anti-BCG serum, 
the parasitized cells were somewhat protected 
from the damaging effect of the contained 
bacilli. 

Reports by Shepard(8) and from our lab- 
oratory (9) indicated that established cell 
lines may be useful in studying the host- 
parasite relationship in tuberculosis. As part 
of a study of the mechanism of resistance and 
immunity to tuberculosis, experiments were 
carried out on the influence of hyperimmune 
anti-BCG serum on (a) phagocytosis of viru- 
lent Mycobacterium bovis by the J-111 cell 
line of human leukemic monocytes( lo) ,  (b)  
growth of the phagocytosed mycobacteria and 
(c) survival of infected cells. 

Materials and methods. For hyperimmune 
anti-BCG serum, commercial New Zealand 
albino rabbits were given 3 consecutive 

*Aided by a grant from California Research and 
Medical Education Fund of Tuberculosis and Health 
Assn. of California. 

monthly intravenous injections of 20 x loG 
to 40 X lo6 viable units of BCG-IV (Rosen- 
thal) t as described by Fong et aZ( 11). BCG 
agglutinins were observed at  a serum dilu- 
tion of 1:640. Antityphoid serum was ob- 
tained from animals one week after an im- 
munization regimen described by Fong et aZ 
(6).  Agglutination titers against typhoid 0 
and H antigens were 1:1280 or greater. Un- 
injected rabbits served as the normal serum 
source. All sera were stored at -10°C. 
Where indicated, sera were inactivated at  
56°C for 30 minutes. 

Stock cultures of 5-111 cells were main- 
tained on a yeast extract-rabbit serum medi- 
um containing 50 units of penicillin (PN) and 
50 pg of streptomycin (SM) per ml. Cells, 
trypsinized with 0.25% trypsin, were sus- 
pended in the growth medium to yield 45,000 
cells per ml. One ml volumes were pipetted 
onto coverslips in Leighton tubes and cultures 
were incubated at 37°C for 48 hours. Two 
washings with Hanks' Balanced Salt Solution 
(BSS) were followed with refeeding of yeast 
extract medium containing the appropriate 
test serum in 10% concentration. Infected 
cell cultures were inoculated with 1.2 X l@ 
to 1.5 x lo6 viable units of M. bovis (Rave- 
nel) ; $ noninfected cultures received 0.05 ml 
of BSS. The mycobacterial suspension was 
prepared from a 3- to 4-week-old culture 
grown on Lowenstein- Jensen medium. Using 

t Kindly furn,ished by Dr. Anson Hoyt, Barlow 

i Kindly supplied by Dr. William Steenken, Jr., 
Sanatorium, Los Angeles, Calif. 
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FIG.  1. ( lef t )  8-(lap M .  boz.is-infected 5-111 cell culture iii yeast estract-antityphoid rabbi t  
seriim mediuiii. Note  luxuriniit intr:~cellalar growth and  cording. Aubert 's stain. 700 X . 

F I G .  2. ( r ight)  8-day M .  bovis-infected 5-111 cell culture in  yeast extract-aiiti-BCG rabbi t  
serum (inact*ivxted) medium. Extent  of growth am1 cording much less than controls (normal 
and antityphoicl rabbi t  serum containing medium). Aubert  's stain. 700 X. 

BSS, the growth was triturated, washed twice 
and resuspended. The suspension was then 
filtered through a single layer of Whatman 
No. 1 paper and standardized to an optical 
density of 35 to 45 Klett-Summerson units 
a t  540 mp wavelength. 

Following overnight incubation, infected 
and uninfected cultures were again washed 
twice with BSS containing 5 units of PN and 
5 pg of SM per ml. Three experimental and 
control coverslips were then fixed in absolute 
methanol and stained for acid-fast bacilli em- 
ploying Aubert's technique (9) .  A similar 
number of cell cultures was lysed with 0.5% 
sodium desoxycholate solution ( 12 ) for quan- 
titative colony counts of intracellular bacilli 
and one-tenth ml aliquots of 1: 10, 1 : 100 and 
1 : 1,000 dilutions were planted onto Lowen- 
stein- Jensen medium. Remaining cell cultures 
were fed appropriate nutrient (yeast extract 
medium and 10% test serum) containing 5 
units of PN and 5 p g  of SM to inhibit extra- 
cellular growth( 13) and prepared for micros- 
copy 3-4 and 7-8 days postinoculation. 

Falcon plastic tissue culture bottles (25 
ml) were used to determine cell populations. 
The cultural method was similar to that em- 
ployed for Leighton tubes except that 4 ml 
of medium were used per bottle. Upon com- 
pletion of the cultural phase of 7-8 days post- 
infection, both experimental and control cell 
cultures were trypsinized, fixed with 10% for- 
malin for 3 hours and triplicate counts made 

in a Neubauer hemocytometer. 
ResuZts. A heat labile phagocytosis-promot- 

ing substance appears to have been present 
in anti-BCG hyperimmune serum (Table I ) .  
Normal and antityphoid sera did not enhance 
phagocytosis. 

The extent of intracellular growth of M .  
bovis at 3-4 days postinfection was approxi- 
mately the same in all cell cultures, At 7-8 
days, however, there were fewer intracellular 
mycobacteria in the anti-BCG serum-fed cul- 
tures than in the controls. Furthermore, there 
were only about half as many bacilli in cord- 
formation in the anti-BCG immune system as 
in the controls (Fig. 1, 2).  This was true 
even for inactivated anti-BCG immune serum- 
fed cultures. 

In repeated experiments, a decline in cell 
population was observed in infected cultures 

T A B L E  I. Effect of Hyperimmune Rabbi t  Serum 
on Phsgocytosis. Colony counts of intracellular M .  

bovis one day  postinoculation. 

Mean viable units/ml* 
Aiiti-BCG Anti  typhoid 

serum Esp serum Normal serum 

- 1 4.4 x 105  2.9 x 104 
2 2.3 x 10; 5.1 x lo': 

3 2.5 x lo5  7.0 X 10.' 4.2 x 104 

- 
- t2.3 x loL t5.2 x lo-'$ 

~~~ 

* Avg of coloiiy counts performed i n  triplicate. 
t Tnactivated at. 56"C, 30 mill. 
$ Commercial rabbi t  serum. 
- Not done. 
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EXPER. 1 EXPER. 2 

- 

l C l C l C l C l C l C  
- Anti-BCG hyperimmune serum 

m- Normal rabbit serum 

- Antityphoid hyperimmune serum 

I - Infected 

c - Non-infected control 

FIG,. 3. M .  bovis in J-111 cells. Mean cell 
count 7 days postinfection. 

maintained on normal or antityphoid serum- 
containing medium; no appreciable loss of 
cells occurred in cell cultures fed anti-BCG 
hyperimmune serum medium (Fig. 3 ) .  Em- 
pl*oying the F test( 14) to analyze the com- 
bined results of both experiments, the dif- 
ference is significant at the level of 0.0,s prob- 
ability in the infected cell population of anti- 
BCG serum-fed cultures from that of infected 
normal and antityphoid serum-treated cul- 
tures. 

Discussion. Youmans ( 15) and Dubos ( 16) 
emphasized that acquired immunity to tuber- 
culosis is the ability of the host to inhibit 
multiplication of tubercle bacilli. There is 
considerable evidence that this immune re- 
sponse is primarily cellular ( 17). However, as 
suggested by Jenkin and Rowley( 18), cell- 
bound antibody may also play a significant 
role. Although it  is perhaps related to natural 
rather than acquired immunity, it is worthy 
of mention that Kochan and Smith( 19) found 
that the ability of macrophages of BCG-vac- 
cinated guinea pigs to inhibit intracellular 
growth of BCG was serum-conditioned. 

Suter (20) showed that cellular destruction 
may result from an overwhelming number of 
intracellular growing bacilli. Employing mac- 
rophage culture systems, the favorable influ- 
ence of immune serum in diminishing the 
cytotoxic effect of intracellular parasitism was 
observed by Fong(6) and Hsu(7). Hsu em- 
phasized that cellular degeneration was less- 

ened without a corresponding decrease in 
intracellular multiplication of bacilli. 

The in vitro culture system used in our 
experiments provided controlled experimental 
conditions to study the effect of humoral fac- 
tors on the interaction between host and para- 
site. Based on: (a) enhanced phagocytosis, 
(b) diminished frequency and size of intra- 
cellular cords, and (c) prevention of loss of 
infected cells due to overgrowth of intracel- 
lular M .  bovis, an opsonin-like substance and 
an antimycobacterial factor were demon- 
strated in anti-BCG rabbit serum. Serum of 
normal and typhoid-vaccinated animals did 
not exhibit these properties. 

Summary. The interaction between M .  
bovis and the J-111 cell was influenced by 
the serum component of a yeast extract-serum 
nutrient medium. Anti-BCG hyperimmune 
serum enhanced phagocytosis, suppressed 
intracellular growth, and prevented loss of 
infected cells to a greater extent than did 
normal or antityphoid sera. 

The authors gratefully acknowledge the able as- 
sistance of Mr. Timothy Dodge and staff in prepara- 
tion of illustrative materials. We are also indebted 
to Dr. Paul Lindsay and Mrs. Jewel1 Kietzman for 
help in statistical analysis and performing serological 
tests, respectively. 
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Responses of Xeric-Adapted Rodents to Waterloading.* (30529) 

ROBERT M. CHEW AND ORMOND G. MITCHELL~ (Introduced by Paul R. Saunders) 
Department of Biological Sciences, University of Southern California, Los Angeles 

Several studies have indicated that desert- 
inhabiting rodents have “difficulty” in elim- 
inating a water load, presumably because of 
factors associated with their adaptation to 
conservation of water. Hofmann ( 1 ) found 
that Merriam’s kangaroo rat, Dipodomys mer- 
rianzi, “excreted the load only with the 
greatest difficulty.” D. merriami given 5 ml/ 
100 g of distilled water by stomach tube 
eliminated 40% of the load only after 367 
minutes, while Long-Evans white rats did so 
in 84 minutes. D. merrkmi loaded intraperi- 
toneally showed a still more pronounced water 
retention( 2 ) .  The banner-tailed kangaroo rat, 
D. spectabilis, excreted the same percentage 
(85-88%) of a water load within 6 hours as 
did white rats, but only after a diuretic lag 
of 3 hours(3). A gerbil, Meriones shawii, 
“cannot excrete orally administered tap water 
by means of a hypotonic diuresis,” when kept 
on a dry diet($). 

We have compared D. merriami, D.  agilis 
and M .  unguiculatus in order to check and 
extended these observations. The genus Dipo- 
domys has had its center of evolution in the 
deserts of southwestern North America. D. 
merriami is one of the most ubiquitous spe- 
cies in these deserts; a few species such as 
the nimble kangaroo rat, D. agilis, have 
dispersed into semiarid habitats adjacent to 
deserts. Species of Meriones inhabit deserts 
and semiarid regions of the Old World. The 
Mongolian gerbil, M .  unguiculatus, is found 

* Supported by NSF Grant G19446. 
t Present address: New York Un’iv., College of 

Denltistry, N.Y.C. 

in semiarid areas of Mongolia, northern Korea 
and the Necca Province of China. 

Materials and methods. D .  merriami were 
live-trapped in the desert near Pearblossom, 
Calif., and D. agilis in chaparral near Eti- 
Wanda, Calif. M .  unguiculatus were bred 
from stock from Tumblebrook Farms, Brant 
Lake, N. Y. Body weights of the animals 
were: D. merrkmi, 32-40 g, D. agilis, 60-70 
g, M .  unguiculatus, 63-72 g. 

In  all cases the water load was 5 ml/lW 
g of body weight of warm distilled water, 
given in one dose by stomach tube. Animals 
were stimulated to empty their bladders be- 
fore intubation; they were weighed before and 
after loading to determine the absolute 
amount received. After loading, animals were 
placed on wire mesh over mineral oil in tared 
beakers. Urine excretion was measured by 
weighing the beakers a t  half-hour intervals 
for 6 hours; weights were corrected for any 
feces present. Urine output was plotted 
against time, and time for excretion of 40% 
of the load was estimated from the plot. Rate 
of excretion was measured after the first 
water load, and again after a second loading 
the same day or the next day, or after a third 
load the next day. 

Results. Measurements are summarized in 
Table I. 

Discussion. There are numerous observa- 
tions of instances in which the abilities of dif- 
ferent species of mammals to conserve body 
water have evolved in direct relationship to 
the average aridity of their habitats( 5) .  The 
water conservation of such species often per- 


