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Suppression of Virus-Induced Ciorneal Toxicity in Rabbits by Pretreatment 
with Nitrogen Mustard." (26356) 

JANG 0. OH AND YONG T.  Y A N G ~  (Introduced by C. A. Evans) 
Department of Micro bio 1 ogy , Un iuers it y of Washington,, Seat t 1 e 

When a large amount of Newcastle disease 
virus (NDV) is inoculated into the anterior 
chamber of the rabbit eye, there results a 
toxic reaction characterized by corneal opac- 
ity and characteristic microscopic changes of 
corneal endothelium ( 1,2). No evidence of 
increase in infectious virus is associated with 
the above reactions. Since an extensive infil- 
tration of leucocytes, particularly polymor- 
phonuclear leucocytes (PMN) , into ocular 
tissues as well as aqueous humor: is a con- 
stant feature, i t  was considered possible that 
the infiltrating cells might play an essential 
role in the pathogenesis of the corneal reac- 
tion. Because of the known suppressive ef- 
fect of nitrogen mustard on PMN in viva, 
this agent was employed in an effort to study 
the above possibility. 

Materials and methods.  Virus: The L- 
Kan 1948 strain of NDV, a heat resistant 
strain(3) obtained from Dr. H. Rubin, was 
used in all experiments. It was cultivated 
in 10-day-old embryonated eggs by inoculat- 
ing lo4 plaque forming units (PFU) of stock 
virus into the allantoic cavity. The allantoic 
fluid harvested at  48 hours was pooled and 
centrifuged at  3000 rpm for 5 minutes to eli- 
minate cell debris. It was dispensed into 
glass tubes in a volume of 1 ml per tube 
and tightly sealed and stored at  -35°C until 
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used. The titer of the virus in this allantoic 
fluid was 2 X 10" PFU with a hemagglutinin 
titer of 1280 units per ml. NDV infectivity 
was determined by using the plaque count 
technic on cells derived from chick embryo 

Rabbi t .  Normal healthy male albino rab- 
bits weighing between 4 and 4.5 lb were used. 

Nitrogen mustard ( H N B ) .  Mustargen hy- 
drochloride (Methyl-bis [ beta-chloroethyl] 
-amine HCl) (Merck, Sharp and Dohme, 
Philadelphia, Pa.) was used. It was dis- 
solved in sterile double-distilled water just 
before injection into rabbits. 

Intraocular injection of virus. Rabbits 
were anesthetized with intravenous sodium 
Nembutal. Two minutes prior to intraocular 
injection of virus, a drop of Pontocaine HCl 
(Winthrop Labs, N. Y.) was topically ap- 
plied to the cornea. The technic for injection 
of the inoculum into the anterior chamber 
of the eye has been described ( 2 ) .  

Preparation of  corneal endothelium for 
microscopic examination. Corneal endo the- 
lium was stained with a solution of silver 
nitrate and an entire sheet of stained endo- 
thelium was separated from the cornea and 
mounted on a slide according to methods de- 
scribed previously ( 2 ) . 

Methods 0) scoring corneal lesions. 1) 
Endothelial rosetles. Microscopic lesions on 
the silver stained endothelium of the cornea, 
referred to as endothelial rosettes, were 
counted by examining the entire endothelium 

(4).  



of the cornea mounted on a slide, with a high 
dry objective a t  a final magnification of 430. 
Lesions were recorded as total number of 
rosettes counted per cornea. 

2 ) Endothelid fusions. Other microscopic 
lesions on the silver stained endothelium. 
called fusions. were scored as follows after 
examining the entire endothelium mounted 
on a slide under the microscope with a final 
magnification of 430: - = no fusion on entire 
sheet of endothelium, -t = scattered fusions 
of 2 cells, + = frequent fusions of 3 to 5 
cells, + t = fusions so extensive that only 
a few cells with cell boundaries are seen in a 
field, +++. = cell boundaries lost almost 
completely . 

The gross change of 
the cornea. opacity, was usually scored 24 
hours after virus inoculation into the anterior 
chamber, and at  other appropriate times. 
Degree of corneal opacity was scored as fol- 
lows: - = no opacity, 2 = doubtful opac- 
ity, + = definite but weak opacity, outline 
of iris can be seen easily through cornea, +-+ = intermediate degree of opacity be- 
tween + and +$-+, +$-+ = strong 
opacity, outline of iris cannot be seen 
through cornea. 

Counting kucocytes in aqueous humor. 
A drop of aqueous humor was placed on a 
slide, air dried and stained with Wright's 
solution. The entire drop of aqueous humor 
was examined under the microscope with a 
final magnification of 430, and total number 
of leucocytes present was obtained. Corneal 
endothelial cells were also seen in aqueous 
humor as single cells or as groups of cells. 
These corneal endothelial cells were not in- 
cluded in total leucocyte count of the aque- 
ous humor. 

Expehnental results. Suppression of leu- 
cocytes in blood by  intravenous injections OJ 

HAY2. This preliminary experiment demon- 
strated the effects of HN2 on circulating leu- 
cocytes. Six rabbits were injected intrave- 
nously twice at an  interval of 2 days with 
HNZ, 0.75 mg per lb of body weight. Total 
leucocyte and differential counts were carried 
out at various intervals, on blood withdrawn 
from the marginal ear vein. Care was taken 

3 )  Corneal opacity. 
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- * HN,-untreated. 

to avoid unnecessary irritation to the ears. 
One ear was used solely for HN2 injection 
and the other for sampling blood. T o  pre- 
vent bacterial infection during the prolonged 
period of leucocyte depletion, each rabbit 
was injected intramuscularly with 10,000 
units of procaine penicillin and 10,000 pg of 
streptomycin given daily for 7 days starting 
from day of first HN2 injection. The results 
of the experiment are summarized in Fig. 1. 

The number of circulating leucocytes 
reached the lowest level, ranging from 400 
to 750 per cmm, 2 days after the second in- 
jection of HN2. This severe leucopenia 
lasted for 2 to 4 days. Then a sharp increase 
in number of leucocytes followed and there 
was a return to an  almost normal leucocytic 
level on the 14th day after the first injection 
of HN?. Mononuclear cells were shown to 
be the first cells affected by the HN2 injec- 
tion; a drastic decrease to as low as 670 of 
total leucocytes was noted 24 hours after 
first HN2 injection. The relative proportion 

TA 13LE 1. EfT'ect of Iritraveiious Trijectioii of HN, 
O H  Vi rms-Tndnced Corneal Toxicity. 
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FIG.  1. Snplx-ession of leucocytes in rabbits by 2 intrav. injections of HK2. 

of PMK’ reached the lowest level, ranging 
from less than 1% to 876, 2 days after the 
second injection of HN2 and remained at  
that level for 2 to 3 days. Then the PMN in- 
creased rapidly and a normal differentia1 
count was restored between the 7th and 11th 
days after the first HN2 injection. No cor- 
neal opacity was observed in these rabbits 
throughout the experiment. 

Suppression of virus-induced comeal opac- 
i ty  by  pretipeatnzent of rabbits with intra- 
venous injections u j  H N a .  Rabbits were 
given 2 intravenous injections of HN2 in the 
same manner as in the preliminary experi- 
ment. Two days after the last injection of 
HN?, when the number of leucocytes reached 
the lowest levels, both eyes were inoculated 
with 0.2 ml of NDV (4  x lo8 PFU). As a 
control, normal rabbits were simultaneously 
inoculated with the same amount of virus 
into their anterior chambers. Frequency of 
corneal opacity, appearing 24 hours after 

two groups. Results are summarized in 
Table 1. 

In all experiments, the number of eyes 
showing corneal opacity was far smaller in 
HN2-treated rabbits than in normal controls. 
Whereas the percentage of corneas showing 
opacity in HN,-treated animals in any single 
experiment ranged from 0 to 3376, it ranged 
from 63 to lOOfh in untreated rabbits. In 
all, only 5 of 42 eyes of the HN2-treated 
group showed corneal opacity whereas in the 
control group, 35 of 41 eyes showed the 
opaque corneas. I t  was noted that aqueous 
humor of these 5 opaque corneas of HN2- 
treated rabbits contained few or no leuco- 
cytes. 

Limited experiments were carried out to 
explore the influence of time of injection on 
the suppressive effect of HNa on the toxic re- 
action to NDV. A suppressive effect was ab- 
served irregularly in the rabbits pre-treated 
with 2 injections of HN2 at a 48 hour interval 

virus injection, was compared between these and given an intraocular injection of NDV 
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immediately after the second injection of 
HN2.  Suppression of corneal opacity was 
not apparent in the animals which were given 
intraocular injections of virus immediately. 
2 days or 4 days after a single injection of 
HN?. It appears that treatment of animals 
with 2 injections of HNZ before virus inocu- 
lation was an important factor in suppression 
of lesions. 

Eflects of pretreatment of rabbits with 
HNJ on development of micvoscopic lesions 
of corneal endothelium and on zlirus titer in 
aqueous humor following intraoi-ular in jcc- 
tioiz of S D V .  Ten rabbits were given 2 
intravenous injections of H S 2  in the same 
manner as in the preliminary experiment. On 
the second day after the last injection of 
H S ? .  0.2 ml of KDV in allantoic fluid (4  Y 
10:' PFU) was inoculated into both eyes. 
The same number of normal rabbits served as 
controls and virus was similarly inoculated. 
A t  each interval, 2 rabbits were taken from 
each group; degree of corneal opacity was 
checked and animals were immediately sac- 
rificed by an intravenous injection of sodium 
n'embutal. Aqueous humor, for leucocyte 
count and virus assay, was aspirated from 
each eye with a separate tuberculin syringe. 
Extent of fusion was scored and total num- 
ber of endothelial rosettes appearing on the 
entire endothelium was determined. Results 
are shown in Table TI. 

Development of corneal opacity was com- 
pletely suppressed in all HN2-treated animals 
of the 1 2  and 24 hour-groups. Fusions were 
less extensive than in corresponding control 
animals. On the other hand, a large number 
of rosettes still appeared on the corneas of 
the HN2-treated rabbits. The  number of 
leucocytes in aqueous humor was much 
smaller in HN2-treated animals than in un- 
treated animals. Titer of residual virus in 
aqueous humor of HN2-treated animals was 
not different from that of controls, even 
though there was a marked suppression on 
development of corneal opacity in treated 
animals. These results indicated that sup- 
pression of corneal opacity in HN2-treated 
animals was probably not due to rapid inacti- 
vation of virus in aqueous humor. 

From the above results i t  is reasonable to 
assume that suppression of corneal opacity 
and fusion appears to be correlated with, but 
not necessarily due to, suppression of leuco- 
cjrtes. particularly the PAIN, in aqueous hu- 
mor. However, i t  is importafit to note that 
one rabbit in the 24 hour-control group 
showed no corneal opacity even though a 
large number of leucocytes was present in 
aqueous humor. 

Relationship between persistent suppres- 
sion on production of corneal lesions by 
*YDV und number of leucocytes in 
oqueous humor following recovery from H N , -  
induced lezicopenia. If presence of leuco- 
cytes, particularly YMN, in aqueous humor 
is directly related to occurrence of endothel- 
ial fusion and corneal opacity, i t  is reason- 
able to postulate that when the number of 
leucocytes in the blood of HN2-treated ani- 
mals returned to normal level, intraocular in- 
oculation of virus should cause a large num- 
ber of Pilln' to appear in aqueous humor, and 
corneal opacity and fusion might be expected 
to develop as extensively as in control rab- 
bits. T o  examine this possibility experi- 
ments were performed as follows: 

Five rabbits were injected twice with HN2 
in the standard manner. Two days after the 
last injection of HN2 blood leucocyte and 
differential counts of these animals were de- 
termined. At the same time 4 normal rabbits 
were allocated as controls, and blolod leuco- 
cyte and differential counts were similarly 
carried out on these animals. Two-tenths ml 
of NDV in allantoic fluid (4 X lo8 PFU) 
was inoculated into the anterior chamber of 
the right eye of each animal in both groups. 
The  uninoculated left eyes served as contmls. 
Twenty-four hours after virus injection, cor- 
neal opacity was recorded and 0.1 ml of 
aqueous humor was aspirated from the in- 
jected eye for leucocyte count. On the 13th 
or 20th day after virus inoculation, blood leu- 
cocyte and differential counts were again car- 
ried out on these groups of animals and NDV 
( 4  X lo8 PFU) was then inoculated into the 
anterior chambers of both eyes. Twenty- 
four hours after the second virus injection, 
corneas of these animals were checked for de- 
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gree of opacity, and at the same time 01.1 ml 
of aqueous humor was aspirated to determine 
total number of leucocytes in a drop. The 
results are summarized in Table 111. 

Typical corneal opacity developed after 
the second virus injection in all 4 control 
rabbits. However, rabbits treated with HNZ 
did not develop corneal opacity even after 

the blood leucocyte count reached or ex- 
ceeded a normal value and after leucocytes 
were present in, large number in aqueous hu- 
mor of these eyes. I t  was interesting to find 
that the suppressive effect of HN2 on devel- 
opment of corneal opacity in response to 
NDV lasted for a t  least 13 and 201 days after 
the first NDV injection. It was considered 

TABLE 11. Effects of Pretreatment of Rabbits with €IN, 011 Production of Microscopic Lesions 
of Corneal Endothelium and 011 Viral Titer in  Aqueous Humor Following Intraocular Inj ection 

of NDV. 

Microscopic changes 
Hr after Rabbit Corneal WEC/drop NDV in aq.h." 
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5.1 x 1 0 0  
5.9 x 10.7 
1.5 x lo(; 
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5.4 x 105 
6.4 X l o o  
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8.3 i< 1 0 . 5  

5.4 x 1 0 5  
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2.3 x 1 0 6  
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4.0 x 101 
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.- 

* Aqueous humor (aq.11.). 
t Two intrav. injections of HK2 were given 2 and 4 days before intraocular inj. of KDV. 
$ Not suitable t o  count rosettes due to exterisive fusions. 
XD = Kot done. 
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possible that this late suppressive effect was 
due to formation of antibodies against NDV. 
However it was found that there was no sig- 
nificant antibody level against NDV in these 
animals at  the time of second injection of 
virus. I t  may be passible that leucocytes a t  
13 and 20 days after HN2-treatment are func- 
tionally inactive in formation of corneal 
opacity by NDV. 

In rabbits pretreated with 2 
intravenous injections of HN2, corneal 
opacity as well as endothelial fusion was 
suppressed while rosettes appeared as exten- 
sively as in controls. I t  was reported previ- 
ously( 2 )  that in the in vitro system injection 
of NDV into the anterior chamber caused 
formation of numerous rosettes but did not 
induce either opacity of the cornea or an ap- 
preciable degree of fusion of endothelial cells. 
This experimental evidence suggests that cor- 
neal opacity in virus-induced toxic reaction 
is more closely associated with endothelial fu- 
sions than with endothelial rosettes. 

Mechanisms by which virus produced these 
lesions are not understood. However, the 
present study appears to indicate that leu- 
cocytes are not essential for production of a 
toxic reaction by NDV in the rabbit cornea. 
This is supported by the following observa- 
tions : 1 ) Following intraocular inoculation 
of NDV, rabbits pretreated with HNa oc- 
casionally developed opaque corneas. These 
eyes showed few or no leucocytes in their 
aqueous humor. 2 )  Eyes of normal rabbits 
inoculated with a toxic amount of NDV 
sometimes failed to produce an opaque cor- 
nea and fusions even though there was a large 
number of leucocytes in their aqueous humor. 
3 )  In the HN,-treated rabbits, suppressive 
effect of HX2-treatment on the development 
of corneal opacity lasted for at least 13 and 
20 days after treatment. This long lasting 
suppreslsion was observed in eyes which 
contained numerous leucocytes in aqueous 
humor. I t  appears that infiltration of leuco- 
cytes into ocular tissues and aqueous humor 
is secondary to changes induced by the virus 
in the eye. The role oif leucocytes in the 
toxic cornea is unknown at  present. 

I t  has been reported that mustard gas in- 
activates NDV in vitro ( S }  . However titer of 

Discussion. 

residual virus in aqueous humor of eyes of 
HNt,-treated animals was as high as that of 
controls a t  any time. Therefore, suppression 
of virus-induced corneal toxicity by pretreat- 
ment with HNa is not due to rapid inactiva- 
tion of virus in aqueous humor. 

Intravenous injection of HNZ simultane- 
ously with intraocular inoculation of virus 
failed to suppress development of corneal 
opacity. It appears that pretreatment of 
rabbits with HN2 is an essential factor in 
suppression of virus-induced corneal opacity. 
These findings suggest that HN2 modifies the 
host’s interaction with virus. In virus-in- 
duced corneal reaction, however, i t  is not 
known whether HN3 exerts its suppressive 
action on corneal endothelium, on tissues 
other than corneal endothelium, or on hu- 
moral factors which may play an essential 
role in the pathogenesis of NDV. It was 
suggested that in the Shwartzman phenome- 
non HNa exerts its suppressive action on the 
reticuloendothelial system, primarily the 
vascular endothelium ( 6) .  Possibly a similar 
modification of corneal endothelium is 
brought about by HNa injection to render 
hoist tissue less susceptible to virus activity. 
Further studies are necessary to make a 
proper evaluation of this possibility. This 
attitude is also important in studying the 
suppressive action of HNa on the Shwartz- 
man phenomenon, especially when consider- 
ing the suggestion of Stetson and Good(7) 
that inhibition of the Shwartzman phenome- 
non can be correlated with leucopenia in- 
duced by HN2. 

Rose and Gellhorn(8) failed to modify in- 
fluenza virus-induced pulmonary lesions in 
mice by pretreating the animals with daily 
intraperitoneal injections olf HN., beginning 
2 days before or immediately after virus in- 
oculation. However, in view of the suppres- 
sive action of HNa-treatment on NDV-in- 
duced toxic reaction, it is desirable that HNa 
should be further explored for its possible ef- 
fectiveness in preventing lesions in other tis- 
sues infected by NDV or other viruses known 
to produce a similar toxic effect in animals. 

Summary. Pretreatment of rabbits with 2 
intravenous injections of nitrogen mustard 
(HN2) partially suppressed production of 
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XDV-induced toxic corneal reactions. In  
most animals this treatment suppressed de- 
velopment of opacity and reduced markedly 
the extent of fusions of endothelial cells. I t  
did not inhibit formation of endothelial ro- 
settes. The  suppressive effects in the HN,- 
treated animals lasted for a t  least 20 days. 
well after leucopenia had disappeared. De- 
creased response to injected virus is neither 
a result of suppression of circulating leuco- 
cytes nor of rapid inactivation of virus in 
aqueous humor. 

Treatment of rabbits with a single intra- 
venous injection of HX, 4 days. 2 days, or 
immediately before virus injection caused no 
demonstrable s u p p r ess i on o f vi r us - in d u c ed 
toxic reactions of rabbit corneas. Leuco- 
cytes appeared to play no essential role in 
production of cornea 1 reaction. 

T h e  authors wish to express their deep gratitude to 
Dr. C. A .  Evans for advice and criticism during this 
investigation. 
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Correlation of Pituitary 'Ribonucleic Acid Levels and ACTH Production 
Following Adrenalectomy and Cortisone Administration.* (26357) 

MELVIN HESS, JAMES J .  CORRIGAN, J R . ~  AND JOHN A. HODAK: 
(iVith the technical assistance of James E. Bird) 

Depur twf  n l  of At in loni ,~~,  l-tiit./?rsit,y of P i t t , j b r r ~ ! / l i  A'cliool of  Mc.dic iur ,  PittsburglL, Pa. 

It has been inferred that withdrawal of 
adrenal cortcial hormones enhances both re- 
lease and synthesis of pituitary adrenocorti- 
cotrophic hormone (ACTH), but with a pre- 
dominent effect on synthesis. The latter 
mechanism serves to explain the increased 
concentration of ACTH in pituitary tissue 
following adrenalectomy ( 1,2,3). The inhibi- 
tory effect of adrenal cortical hormones on 
ACTH content of pituitaries and plasma like- 
wise has been attributed to alteration of rates 
of trophic hormone production and release 

Since the relationship of ribonucleic acid 
(3,4). 

*This  investigation was supported in part by rc- 
search grant from S a t .  Inst. of Arthritis and Metab. 
Dis., P.H.S., and in part by Arthritis and Kheuma- 
tism Foundation. 

t Ciba Pharmaceutical Co. Medical Student Re- 
search Fellow. 

$ Medical Student Fellow of National Founda- 
tion. 

(KNA) and protein synthesis has been shown 
to be applicable to pituitary hormone produc- 
tion following adrenalectomy ( 5 )  , one can 
correlate fluctuations in tissue content of 
ACTH following adrenalectomy and cortical 
hormone administration, as demonstrated by 
Fortier(l ,4),  with RXA levels in the hypo- 
physis. This report, based on pituitary RNA 
content following adrenalectomy or adrenal 
cortical hormone treatment, is an attempt to 
correlate protein synthetic activity with con- 
ent of trophic hormone in the tissue. 

Jlethods.  Male rats of the Holtzman 
strain were bilaterally adrenalectomized via 
dorsal approach and maintained on Purina 
Laboratory Chow pellets and 1% NaCl ad 
lib. Unoperated rats of the same age, receiv- 
ing tap water in place of salt solution, served 
as controls. At intervals of time from 
hour to daily and weekly post-operative pe- 
riods (Table I),  adrenalectomized and con- 
trol rats were sacrificed. Other rats received 


