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Antiovine LH rabbit serum has been re- 
ported to neutralize endogenous gonadotro- 
pins in immature and mature rats of both 
sexes ( 1,2,3 ,4). Inhibition of the stimulatory 
effect of exogenous rat, pig and whale pitui- 
tary extracts on the ventral prostrate of 
immature hypolphysectomized rats by con- 
current administration of antiovine LH sera 
has likewise been observed ( 5 ) .  Ovulation has 
been blocked in rats by injecting antiserum 
between 1:OO and 4:OlO PM on the day of 
proestrus (6).  Although the rabbit was utilized 
for antibody production against tropic hor- 
mones, inhibition of endogenous and exoge- 
nous gonadotropins in rabbits following active 
and passive immunization has not been dis- 
closed. 

This study examined (1) the effect of active 
immunization of adult male rabbits to NIH- 
LH-Ss and Slo on libido and testes function, 
(2) neutralization of endogenous LH and 
exogenous ovine LH in female rabbits given 
antiovine LH rabbit serum and (3) the dura- 
tion of antibody persistence in female rabbits 
following passive immunization. 

Materials and methods. Experiment I: 
Eight 3.5-4.4 kg New Zealand White male 
rabbits were randomly divided into 4 groups 
of 2 animals each. Each male was individually 
caged and trained with the aid of a dummy 
rabbit to serve an artificial vagina. Eight 
semen collections from each male at  4-day 
intervals provided estimates of variability in 
semen characteristics within and between in- 
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dividuals prior to experimental treatments. 
Controls: Animals in the control gro'up re- 

ceived no additional treatment. Semen col- 
lections were continued at 4-day intervals 
throughout the experimental period. 

LH + adjuvant: Each animal received sub- 
cutaneously 1.5 mg NIH-LH-Ss or S ~ O  dis- 
solved in 1.5 ml saline mixed with an equal 
volume of Freund's complete 'adjuvant (Difco, 
Detroit, Mich.) weekly for 4 weeks. Two 
2.0 mg booster injections were given 2 weeks 
apart after the fourth 1.5 mg injection. After 
an additional lapse of 1 2  weeks, two additional 
2.0 mg booster injections of LH at  2-week 
intervals were given. 

Adjuvant: Animals in the adjuvant controll 
group received injections of Freund's com- 
plete adjuvant only as described for the LH + adjuvant group. 

LH + adjuvant + testostmone: Each ani- 
mal in this group was injected with LH + ad- 
juvant as described above. In  addition begin- 
ning the sixth week after the initial LH + 
adjuvant injection, 1 .O mg testosterone pro- 
pionate dissolved in 0.2 cc sesame oil was 
injected subcutaneously on alternate days for 
the remainder of the experimental period. 

All animals were sacrificed 28 weeks from 
the beginning of immunization. The testes, 
epididymides, seminal vesicles, prostate, penis 
and pituitary glands were weighed and imme- 
diately frozen in liquid nitrogen or preserved 
in 10% formalin for histological evaluation. 
Samples of each tissue were sectioned at  10 
mp and stained with haematoxylin-acid fuch- 
sin or haematoxylin-Mallory 's triple stain. 
Experiment 11. Blood from the LH + adju- 
vant treated males in Exp. I was collected at  
3- to 5-day intervals following the 2 booster 
injections olf 2.0 mg LH at 2-week intervals 
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20 weeks following initial L H  injection. Anti- 
sera, thus obtained, were concentrated to one- 
third saturation by repeated ammonium sul- 
fate precipitation( 7 )  and pooled. 

Control blood serum was obtained from 2 
untreated male rabbits and concentrated as 
described above. 

Adult female rabbits were individually 
caged a minimum of 18 days prior to use. A 
single intravenous, subcutaneous or intraperi- 
toneal injection of 3.0 cc to .005 cc antiserum 
was given to 21 females immediately prior to 
mating with a vasectomized male. Two rab- 
bits received 3.0 cc each of control serum 
intravenously preceding mating. Each female 
was laparotomized 24 hours following mating, 
and the ovaries examined under a dissecting 
microscope for ovulation papilla or follicular 
luteinization. Anti-LH serum treated females 
that failed to ovulate on mating were placed 
with the male 10 minutes each day. Mating 
behavior and repeated subsequent ovarian 
examinations were observed to evaluate lu- 
teinization, possible progestin secretion and 
length of antibody persistence post injection. 
Also, to determine if the antibodies rendered 
the follicles nonovulatory and to estimate the 
level of exogenous ovine LH needed to pro- 
duce ovulation in antiserum treated animals, 
nine anti-LH treated females were injected 
intravenously with varying levels from 15 to 
200 pg of NIH-LH-SI,,, sacrificed 24 hours 
later and their ovaries examined for ovulation 
papilla. Four animals also received control 
serum plus 15 or 25  pg of LH to establish 
that serum per se did not influence ovulation. 

Results. Experiment I.  The  males in the 
control and adjuvant treated groups con- 
tinued to serve the artificial vagina, and semen 
samples near termination of the 28-week ex- 
perimental period successfully impregnated 
females. Semen volume and spermatozoa per 
mmB increased during the experimental pe- 
riod in both control and adjuvant treated 
groups, on the basis of pretreatment evalu- 
ation and training period data (Table I ) .  In 
sharp contrast, the LH + adjuvant groups 
lacked libido, even when placed with estrous 
females, after the second week of immuniza- 
tion. Testosterone restored libido when in- 
jected from the sixth week following initial 
L H  treatment, but the semen samples were 

void of spermatozoa, colorless and minute in 
volume compared with pretreatment semen 
samples from the same males (Table I) .  

Average testes weights, combined accessory 
organ weights and pituitary weights for the 
4 groups a t  the end of the experimental period 
are shown in Table I. 

Histological evaluation of the testes showed 
degeneration of sperma tocy t es and absence 
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of both spermatids and mature spermatozoa 
in the LH + adjuvant (Fig. 2 )  and LH + 

adjuvant + testosterone groups. Spermato- 
cytes and spermatids were more systematically 

PLATE 1 
FIG. 1. Control testes. Tubules show systemic arrangement of various cell types. 300 X. 
FIG. 2. LH + adjuvant testes. Tubules are degeneraite and devoid of spermatozoa, spermatids 

and greatIy reduced in spermatocytes. 300 X. 
FIG. 3. OucMerlony plate with LH + adjuvant serum in the center well and NIH-FSH-S, (F) ,  

R-TSH-03 (T), NIH-LH-Slo (L) ,  ovine STH (G) 'and ovine prolactin (P) in the outside wells. 
Precipitin bands suggested LH, TSH, FSH, and STH anltibodies. 
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TABLE 11. Oviilation Inhibition by Antiovine LH Rabbit Serum. 

c Treatment -, .--------Results-, 
No. of Avg No. ovu- Follicular 
rabbits Dosage (cc) Material” Route lation papilla luteinization 

3.0 
2.0 or  3.0 
1.0 or 2.0 
.25 
.12 or .25 
.075 
.06 

.005, .03, or .05 

~~ 

C.S. 
A.S. 
A.S. 
A.S. 
A.S. 
A.S. 
A.S. 

A.S. 

- I.V. 9.0 
I.V. 
I.P. 
S.C. 
I.V. 
I.V. 
I.V. 7.3 in 3, - 

I.V. 9.3 

none none 
$ 9  

I ?  

,, , l  

9 ,  9 9  

moderate 
slight 

none in 2 
- 

* C.S. = control serum ; A.S. = antiserum. 

arranged in testes of the control (Fig. 1) and 
adjuvant groups with many spermatozoa in 
the lumen of the tubules. Seminal vesicles 
and prostate glandular areas were regressed 
and devoid of epithelia in the LH + adjuvant 
group. Some glandular epithelia were in pros- 
tate tissues of the LH + adjuvant + testos- 
terone group, but glands appeared greatly 
atrophied contrasted to similar histological 
samples of prostate from control and adjuvant 
treated males. 

Antibody titer of antiserum from the LH + adjuvant group was 1:32,000. One cc of 
antiserum was estimated to neutralize 1 mg 
of NTH-LH-Slo in v i t ro(8) .  A gel diffusion 
test (9) of the antiserum revealed precipitin 
bands with ovine LH, FSH, TSH and possibly 
STH but not prolactin (Fig. 3 ) .  Antiserum 
from the LH + adjuvant + testosterone 
males formed a line of identity with the LH + adjuvant antiserum; control and adjuvant 
serum failed to react. 

Experiment 11. Ovulation was successfully 
suppressed by 3.0  to .075 cc of antiserum 
(Table 11). Dosage Ievels of antiserum below 
-05 cc were ineffective (Table 11). Of 5 ani- 
mals that received .06 cc of antiserum, 3 
ovulated; all 5 animals receiving .075 cc 
failed to ovulate. Control serum of 3.0 cc was 
ineffective in blocking ovulation. 

Three animals injected with dosages of 
antiserum of 1 cc, 2 cc, or 3 cc failed to ovu- 
late by day 7 post-treatment when mated 
daily to a vasectomized male; however, 2 
females, repeatedly mated, ovulated on the 
sixth day following administration of .075 cc 
antiserum, the dosage that blocked initial 
ovulation in all animals tested. 

An intravenous dosage of -075 cc of anti- 
serum effectively neutralized the effect of a 
simultaneous intravenous injection of 25  pg 
of LH, while the same dosage of control serum 
did not neutralize 15 or 25 pg of LH and 
allowed ovulation to occur (Table 111). 
Higher levels of antiserum effectively blocked 
ovulation following 25 to 75 pg of exogenous 
LH, but did not neutralize 200 pg of LH 
(Table 111). 

Discussion. The data suggest that anti- 
ovine L H  rabbit serum neutralized endogenous 
gonadotropins and exogenous ovine LH in 
rabbits, Testes from immunized males showed 
marked degeneration of spermatocytes, pre- 
sumed to be influenced by FSH (10,11), in 
addition to interstitial cell damage and ab- 
sence of spermiogenesis as contrasted to ad- 
juvant treated and control groups. Thus, 
FSH in addition to LH antibodies may have 
influenced results. Antibodies to TSH and 
STH, indicated by the gel diffusion test, 
probably did not play a major role. Neutrali- 
zation of endogenous gonadotropins, pre- 

TABLE 111. Effect of Exogenous WIH-LH-S,, 
Following or Simnltaneous with an  Antiserum In-  

jection o n  Ovulation. 

Day LH 
Anit injected (i.v.) injectccl Avg No. 

No. of following ovulation 
rabbits cc Serum” pg LH antiserum papilla 

2 1.0 A.S. 25 or 75 7 none 
1 2.0 h.8. 15 4 
1 3.0 A.S. 200 4 1.0 
I .O75A.S. 2 5 4 4.0 
4 .075A.S. 25 0 none 
2 .075C.S. 15 0 6.5 
2 .0i,5 C.S. 2 3 0 12.0 

J 9  

* A.S. = antiserum; C.S. = control serum. 
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sumably LH, in the LH + adjuvant group 
resulted in suppressing testosterone produc- 
tion followed by loss of libido and atrophy of 
testes and accessory glands. Administration 
of exogenous testosterone to LH + adjuvant 
+ testosterone males restored libido, but 
failed to restore normal testes or accessory 
gland function possibly due to pronounced 
atrophy of tissues prior to testosterone injec- 
tions. Others have reported that LH or tes- 
tosterone alone failed to restore weights of 
testes or accessory organs following pro- 
nounced atrophy after hypophysectomy ( 12? 
13,14). Additional evidence of neutralization 
of endogenous gonadotropins by antiserum 
was the increased pituitary weights and ex- 
tensive vacuolation of cells resembling those 
of castrated animals. 

Further evidence of neutralization of en- 
dogenous LH was suppression of ovulation in 
mated and exogenous LH treated females. 
The minimum dose of antiserum required to 
inhibit ovulation if administered immediately 
before mating by intravenous route was ,075 
cc. The same dosage of antiserum blocked 
ovulation when administered simultaneously 
with 25  pg LH while control serum plus 15 
or 25  pg LH allowed ovulation. This anti- 
serum appears to be more potent than anti- 
sera preparations tested in rats (2,4). Higher 
doses of antisera administered intraperitone- 
ally or subcutaneously blocked ovulation, but 
greater preovulatory luteinization occurred 
compared with the same dosage levels of anti- 
sera given by an intravenous route at  mating, 
possibly due to rate of absorption in relation 
to level of circulating LH (6) .  

A single injection of antiserum at various 
dosage levels did not permanently alter 
ovarian response as successful ovulations a t  
different post injection periods were followed 
by normal pregnancies. A dose of .075 cc 
antiserum was unable to block ovulation on 
the fourth day after administration, but one 
and two cc antiserum permitted persistence 
of antibodies in effective amounts to inhibit 
ovulation on the seventh day following either 
mating or 2 5  or 75 ,pg of exogenous LH. 

Summary. Active immunization of New 
Zealand White male rabbits with NIH-LH-S8 
and Slo resulted in loss of libido and suppres- 
sion of semen production. Testes and acces- 

sory gland weights were reduced by 80% and 
pituitary weights were elevated 3 5 %. Histo- 
logical examination of the testes revealed ab- 
sence of spermatozoa and spermatids and de- 
generation of spermatocytes. One mg testos- 
terone on alternate days restored libido but 
semen production remained suppressed. No 
significant repair of atrophied testes or acces- 
sory organs occurred. The antiserum, con- 
centrated by repeated precipitation with am- 
monium sulfate, gave an antibody titer of 
1:32,000 and reacted with ovine LH, FSH, 
TSH and possibly STH in the Ouchterlony 
gel diffusion test. The antiserum used at  
dosage levels of 3.0 cc to .075 cc blocked 
ovulation in 13 females mated immediately 
with a vasectomized male and in four females 
injected simultaneously with 25  pg exoge- 
nous LH. The minimum antiserum dosage 
required to inhibit ovulation was .075 cc. 
Results obtained were attributed to neu- 
tralization of endogenous gonadotropins. In- 
hibition of endogenous testosterone was sug- 
gested among males. 
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As many patients with lipemia continue to 
have elevated triglyceride levels on fat free 
diets( I ) ,  attention has been directed to 
the relation between carbohydrate ingestion 
and serum lipids. Two recent reviews have 
suggested that not only are triglyceride levels 
related to the proportion of total calories 
derived from fat, protein and carbohydrate, 
but that the type of carbohydrate itself in- 
fluences blood lipid levels ( 2 ,3 ) .  For example, 
McDonald(4) found in a small group of nor- 
mal men, that sucrose specifically increased 
serum triglycerides but maize starch did not. 
Kuo and Bassett(5) have reported 5 hyper- 
glyceridemic subjects in whom substitution of 
sucrose for starch also elevated serum tri- 
glycerides. Despite these findings, there is 
still controversy about the precise influence of 
complex and simple sugars, since Lees(6) 
found that diets high in either sucrose or 
starch were associated with equivalent in- 
creases in plasma triglycerides in 7 normal 
subjects. Because caloric intake may be an  
important variable in the response of plasma 
triglycerides to dietary manipulation, we have 
investigated these conflicting results in 
studies of 2 lipemic subjects on a metabolic 
ward where precise control of dietary intake 
was possible. 

Methods. Two men ages 58 and 47 were 
found to have lipemic serum after an over- 
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Division of Arthritis and Metab. Dis., S I H .  A por- 
tion was conducted through the Clinical Research 
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night fast on an ad lib diet and were then 
hospitalized for study. For the first 4 days 
of study each was given a formula diet (con- 
taining corn oil, skim milk and dextrose) with 
total calories divided as 40% fat, 45% carbo- 
hydrate, 15% protein. During this period 
caloric intake was adjusted to maintain con- 
stant body weight. A standard 100 g oral 
glucose tolerance test and assay for post- 
heparin lipolytic activity ( 7 )  was performed. 
Both subjects had a normal lipolytic response 
to intravenous heparin and mild glucose intol- 
erance (8) .  After weight had stabilized, the 
patients were then switched to an isocaloric 
formula diet containing only skim milk and 
dextrose, with 85% of total calories as carbo- 
hydrate (64% dextrose, 215% lactose) and 
1 5 %  of total calories as protein (skim milk). 
This diet was maintained for 2 to 3 weeks a t  
which time starch in the form of rice, potatoes, 
spaghetti, macaroni, oatmeal, matzos and corn 
starch was substituted for the carbohydrate in 
the diet. The starch diet was then maintained 
for another 2 to 3 weeks. The first patient 
was then discharged, but the second subject 
remained on the metabolic ward and the 
original 85% simple sugar and 15% protein 
formula was reinstituted. After an additional 
3 weeks of this diet, total calories were slightly 
decreased by 5 calories per kilogram for 2 
weeks and 10 calories per kilogram for a third 
week. 

Weight was measured daily. Plasma tri- 
glycerides were determined by methods previ- 
ously described (9) ,  3 times weekly. 

In  both subjects, 
after one week of the high carbohydrate diet, 
plasma triglyceride levels reached stable values 

Results and discussion. 


