
nonequilibrium globin structure in 
photodissociated Hb0XY apparently ex- 
erts no significant transient constraint on 
the heme structure (at least on the time 
scale that we are able to observe). Con- 
cerning the second point, it has been 
clearly demonstrated (12) that static glo- 
bin constraints result in no resonance 
Raman-detectable distortion of the heme 
group of carp hemoglobin (which can ex- 
ist in the T or R protein conformation, 
independent of the ligation state of its 
hemes). It was conceivable, however, 
that such an effect of globin constraint 
might be observed in an experiment sen- 
sitive to the dynamics of the structural 
reorganizations. Our results indicate that 
no such dynamic effect occurs. 

Our results provide new insight into 
the possible mechanisms of hemoglobin 
cooperativity. If the stereochemical trig- 
ger hypothesis is correct, then the effects 
of the heme structure change must ini- 
tially be stored as strain energy exclu- 
sively in the globin structure. This strain 
must, on a longer time scale, trigger the 
reorganization of the globin tertiary 
structure. It is entirely plausible that 
such a temporal sequence could occur, 
considering the magnitude of the protein 
reorganizations involved and the likeli- 
hood that the globin represents a "weak 
spring" compared to the heme (12-15). 
Our results are mute concerning the va- 
lidity of the stereochemical trigger hy- 
pothesis; they are equally consistent 
with its validity or its failure. If, how- 
ever, the stereochemical trigger is ac- 
cepted as valid, then our results support 
the basic premise of the distributed ener- 
gy model (15) of hemoglobin cooperativi- 
ty, where the free energy of cooperativi- 
ty is stored as small strains in the globin 
structure. 
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Allergic orchitis, an experimental au- 
toimmune disease of the testis, is readily 
induced in guinea pigs after immuniza- 
tion with testis tissue or testicular ex- 
tracts in complete Freund's adjuvant (1). 
The disease is characterized by inflam- 
mation in the testis and loss of spermato- 
genic cells; Leydig cells, Sertoli cells, 
and spermatogonia are not affected (2). 
Vasoligation of man and experimental 
animals results in the production of anti- 
bodies to sperm (3-7), and concomitant 
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histopathologic changes in the epididy- 
mis and the testis have been described 
(4-7). According to some investigators 
the morphology of these testicular le- 
sions is similar to those of allergic or- 
chitis (5, 6). However, it is difficult to 
distinguish immunologic lesions from 
pathologic changes that might result 
from the vasoligation procedure. In this 
report, testicular lesions were adop- 
tively transferred by the injection of peri- 
toneal exudate cells from long-term 
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Table 1. Incidence of testicular and epididymal pathology in strain 13 guinea pigs 16 months 
after bilateral or sham vasoligation. Under general anesthesia and with aseptic technique, both 
testes were exteriorized through a low midline abdominal incision. For bilateral vasoligation, 
the vas were ligated by two silver clips, and a silk ligature was placed between the clips, and the 
bladder and the vas were cut between the clips. The testes were carefully returned to the scrota, 
and the abdominal wall was closed in layers. For sham-vasoligation, a silk ligature was loosely 
tied around, but did not constrict, the vas. Two silver clips were placed on tissues adjacent to the 
ligature. The testes were carefully returned to the scrota, and the abdominal wall was closed in 
layers. 

Number of 

ligation N Histologic findings in testis 
animals with ligation epididymal 
granuloma 

Bilateral 4 Multiple macrophagic-invasive lesions with many atrophic 1 
seminiferous tubules 

Bilateral 4 Focal macrophagic-invasive lesions with focal hypo- 2 
spermatogenic tubules 

Bilateral 10 Normal 4 
Sham 5 Normal 0 
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Table 2. Testicular changes in strain 13 guinea pigs 16 months after unilateral vasoligation. The 
vasoligation was performed as for bilateral vasoligation (Table 1), while the nonvasoligated 
testis was untouched. 

Guinea Testicular histopathology 
plg Vasoligated Nonvasoligated 

1301 Normal Normal 
1302 Normal Normal 
1303 Normal Normal 
1304 Numerous macrophagic-invasive Several macrophagic-invasive 

lesions lesions 
1307 Numerous macrophagic-invasive Occasional macrophagic-invasive 

lesions lesions 
1308 Numerous macrophagic-invasive Numerous macrophagic-invasive 

lesions and aspermatogenesis in 50 lesions and some hypospermato- 
percent of seminiferous tubules genic seminiferous tubules 
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Allergic Orchitis Lesions Are Adoptively Transferred 
From Vasoligated Guinea Pigs to Syngeneic Recipients 

Abstract. Histopathology typical of allergic orchitis developed in testes of inbred 
guinea pigs 16 months after vasoligation. A similar histopathology was found in 
unoperated testes after unilateral vasoligation. Peritoneal exudate cells from vasoli- 
gated guinea pigs transferred identical lesions to syngeneic recipients. The testicular 
lesions in long-term vasoligated guinea pigs have an immunologic basis. 
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vasoligated donors to normal syngeneic 
guinea pigs, conditions under which only 
immunologic disease would be trans- 
ferred. 

Twenty-nine strain 13 guinea pigs 
(Southwestern), were bilaterally vasoli- 
gated, unilaterally vasoligated, or bilat- 
erally sham-operated (6) (Table 1), and 
were studied 16 months later. Testes 
from unilaterally vasoligated guinea pigs 
were studied only histologically; those 
from bilateral vasoligated or sham-oper- 
ated guinea pigs were studied both for 
histologic changes and by immuno- 
fluorescence for the presence of im- 
mune complexes. Testes for histologic 
study were fixed as serial blocks in Zen- 
ker's fixative and embedded in paraffin, 

and 5-/,um sections were stained with pe- 
riodic acid-Schiff stain. For immuno- 
fluorescence studies, the entire testis 
was snap-frozen, and 4-,/m (frozen) sec- 
tions were stained with fluorescein-con- 
jugated antiserums to guinea pig immu- 
noglobulin G and complement com- 
ponent C3. The guinea pigs were also the 
cell donors for adoptive transfer experi- 
ments (8). Four days before cell transfer, 
each guinea pig was injected intra- 
peritoneally with 20 ml of sterile mineral 
oil. At the time of cell transfer, the do- 
nors were exsanguinated, and peritoneal 
exudate cells were harvested under ster- 
ile conditions. Cells from bilaterally and 
unilaterally vasoligated guinea pigs were 
pooled. The cells were washed twice in 

Fig. 1. Histopathologic changes in (A) the right testis of a strain 13 guinea pig (1308, Table 2) 
unilaterally vasectomized 16 months before; (B) the left, unoperated testis of animal 1308; and 
(C) the testis of a strain 13 guinea pig that received 108 peritoneal exudate cells from syngeneic 
donors vasectomized 16 months before. The arrows point to the typical macrophagic-lympho- 
cytic lesions invading through the boundary tissue into the lumen (L) of the seminiferous tu- 
bules (periodic acid Schiff-hematoxylin stain, bar = 7 Am). 
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Fig. 2. Incidence of local 
adoptive transfer of allergic 
orchitis by peritoneal cells 
from vasectomized syngeneic 
guinea pigs. The filled circles 
represent the 5 of 17 (30 per- 
cent) recipients that developed 
lesions. Most testes that re- 
ceived 1.1 x 108 cells devel- 
oped lesions. Testes that re- 
ceived peritoneal cells from 
sham-operated donors or do- 
nors immunized 9 days before 
with complete Freund's adju- 
vant were normal (open circle 
denotes a normal testis). Both 
vasectomized and sham-oper- 
ated donors were operated on 
16 months before. 

Recipients of 
peritoneal cells 

from CFA 
immunized donors 

834 

RPMI 1640 medium (Grand Island Bio- 
logical) by centrifugation at 4?C at 200g 
for 10 minutes, and then suspended to an 
appropriate cell concentration so that 0.3 
ml could be injected into each testis with 
a 30-gauge needle inserted under the tu- 
nica albuginea. To ensure that local 
transfer of lymphoid cells would not 
cause nonspecific testicular lesions, ten 
testes were injected with peritoneal ex- 
udate cells from guinea pigs immunized 
with complete Freund's adjuvant alone. 
Testes of recipients were studied 6 days 
after cell transfer for histopathologic 
changes. 

Although the histopathology of experi- 
mental allergic orchitis is complex (9), a 
typical and pathognomonic feature of the 
disease is the multifocal invasion of the 
seminiferous tubules by clusters of lym- 
phoid cells and macrophages (10). When 
this lesion was used as the diagnostic cri- 
terion of allergic orchitis, testes from 8 of 
18 (44 percent) bilaterally vasoligated 
guinea pigs showed allergic orchitis 
(Table 1), some testes being more se- 
verely affected than others. The pres- 
ence of testicular lesions was unrelated 
to the granuloma found in the cauda 
epididymis, which most likely had result- 
ed from the vasoligation procedure itself 
(6). Although orchitis in vasectomized 
rabbits reveals sperm antigen-antibody 
complexes surrounding seminiferous tu- 
bules, immunofluorescence studies of 
vasectomized guinea pig testes show no 
such immune complexes. Three of six 
unilaterally vasoligated guinea pigs also 
developed multiple macrophagic invasive 
lesions in the vasoligated testis (Table 2); 
and in these animals, the contralateral, 
unoperated testes also developed lesions 
that were indistinguishable from those 
on the operated side (Fig. 1, A and B). 
The testes of sham-operated guinea pigs 
were normal. Macrophagic invasive le- 
sions were also found in some recipients 
of peritoneal exudate cells from vasoli- 
gated donors (Figs. 1C and 2). However, 
peritoneal cells from sham-operated 
guinea pigs or from guinea pigs immu- 
nized with complete Freund's adjuvant 
alone did not transfer lesions to recipi- 
ents. 

Inbred strain 13 guinea pigs were used 
because these animals are more resistant 
to allergic orchitis induction and require 
15 times more testicular antigens than do 
outbred Hartley guinea pigs (11). The 
criterion for allergic orchitis was the in- 
vasion of seminiferous tubules by small 
clusters of lymphoid cells and macro- 
phages. Other histopathologic changes, 
such as aspermatogenesis and interstitial 
inflammation, are less specific since they 
can be found in other testicular diseases 
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(12). We looked for histopathologic 
changes in the unoperated testis of uni- 
laterally vasoligated guinea pigs; the 
presence of these sorts of lesions has 
been reported by others (5, 6), suggest- 
ing that systemic rather than local patho- 
genetic mechanisms are involved. 

Lesions of allergic orchitis were 
adoptively transferred to normal recipi- 
ents by peritoneal exudate cells from 
vasoligated syngeneic donors. Mineral 
oil-induced peritoneal exudates in the 
guinea pigs consist of more than 90 per- 
cent macrophages or neutrophils (or 
both), 7 percent T lymphocytes, and on- 
ly a few B lymphocytes (13). Peritoneal 
cell mixtures from guinea pigs immu- 
nized with testicular antigen in complete 
Freund's adjuvant have been shown to 
adoptively transfer allergic orchitis in in- 
bred guinea pigs (8); the adoptive trans- 
fer is antigen-specific, requires donor T 
lymphocytes, and is dependent on the 
cell dose (8, 13). 

Evidence is now available in support 
of allergic orchitis as a possible sequel of 
vasoligation in the guinea pig and the 
rabbit. In rabbits, orchitis after vasoliga- 
tion has been associated with immune 
complex formation (7); allergic orchitis, 
with an indistinguishable immunopath- 
ologic picture, was also induced in rab- 
bits by immunization with heterologous 
guinea pig testicular antigen in com- 
plete Freund's adjuvant (14). The immu- 
nopathology of orchitis after vasectomy 
is different in rabbits and guinea pigs; 
however, each correlates well with ex- 
perimental allergic orchitis in the corre- 
sponding species. The results from va- 
sectomized animals suggest that cell-me- 
diated immune reaction is an important 
pathogenetic mechanism in the testicular 
lesions of guinea pigs. In the rabbit, the 
formation an immune complex is prob- 
ably an important pathogenetic factor, 
although the role of cell-mediated immu- 
nity in the initiation of the disease cannot 
be ruled out. Since half a million men in 
the United States undergo vasoligation 
annually (15), a critical evaluation of 
both their humoral and cellular immune 
responses to purified testicular antigens 
should be studied in vitro. 
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time periods (3 to 4 weeks) early in life 
which are short relative to the life-span 
of the animal. Virtually nothing is known 
about the ability of 1,25(OH)2D3 to sup- 
port all the biological functions of the 
parent vitamin D throughout growth, de- 
velopment, and sexual maturation. 

In contrast to the accumulated knowl- 
edge regarding the short-term actions of 
1,25(OH)2D3, little is known of the bio- 
logical function of 24,25(OH)2D3. It is 
known that 24,25(OH)2D3 is consid- 
erably less active than 1,25(OH)2D3 in 
stimulating the classical vitamin D re- 
sponses of intestinal calcium transport 
and bone mineral mobilization (5). That 
24,25(OH)2D3 is of biological importance 
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After the initial discovery of the bio- 
logical activity of 1,25(OH)2D3 (2) many 
investigations of the biological and bio- 
chemical actions of this steroid were car- 
ried out (3, 4). It is now widely accepted 
that 1,25(OH)2D3 generates its biological 
response in the intestine through a cyto- 
sol-nuclear receptor system in a manner 
analogous to that of other steroid hor- 
mones (3). Further, it has been shown 
that 1,25(OH)2D3 is produced in a regu- 
lated fashion by the kidney in response 
to an increased requirement for calcium 
(4). The study of the biological actions of 
1,25(OH)2D3, while quite thorough in 
some details, has been limited in experi- 
mental animals to acute situations or to 
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was suggested to us by a series of experi- 
ments in which the regression of chicken 
parathyroid glands, which had under- 
gone hypertrophy and hyperplasia due to 
vitamin D deficiency (6), was measured 
in response to various vitamin D metabo- 
lites. Parathyroid gland regression re- 
sulted from short-term treatment with vi- 
tamin D3 but not from the separate ad- 
ministration of 1,25(OH)2D3 or 24,25- 
(OH)2D3; however when the dihydroxyl- 
ated vitamin D steroids were adminis- 
tered simultaneously, the parathyroid 
gland regressed promptly in a fashion 
identical to the response to vitamin D ad- 
ministration (7). 

The lack of information on the role of 
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Vitamin D: Two Dihydroxylated Metabolites 

Are Required for Normal Chicken Egg Hatchability 

Abstract. When hens are raised to sexual maturity from hatching with 1,25-dihy- 
droxyvitamin D3 [1,25(OH)2D3] as their sole source of cholecalciferol (vitamin D3), 
fertile eggs appear to develop normally but fail to hatch. When hens receive a combi- 
nation of 1,25(OH)2D3 and 24R,25-dihydroxyvitamin D3 [24,25(OH)2D3], hatchability 
equivalent to that with hens given vitamin D3 is obtained. These results suggest a 
biological role for 24,25(OH)2D3 not previously recognized. 
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