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Investigatirm of an animal virus in the me- 
dium of the intact host has been superseded 
in some instances by the more quantitative 
approalch of tissue culture technic utilizing a 
well-defined cell type. Where feasible, the 
advantages of tissue culture are coaceded, but 
in the case of fowlpox the virus has not yet 
been cultivated in an established cell line. 
The nature of the lesion necessitates investi- 
gation in animals since the classical hyper- 
plasia and inclusion body formation are 
scarce1,y evident in tissue culture. 

I t  is well known that fowlpox infection in- 
volves the skin with conspicuous hyperplasia 
of the epithelium and thickening of the con- 
nective tissue due to hyperplasja and associ- 
ated inflammatory changes. Concomitant 
with these events the large conspicuous intra- 
cytoplasmic inclusions develop in the epi- 
thelial cells. Because of the amount of lipid 
evident in the inclusion body an investigation 
of lipid content of whole chick skin and cho- 
rioallaintoic; membrane was undertaken( 1). 
It appeared likely that analysis of whole tis- 
sue would riot properly portray differences 
that might occur in the several layers of the 
skin such as the epithelium which is not in- 
vaded by inflammatory cells. iuethods were 
devised to1 separate the skin into1 epithelial 
elements and connective tissue. The present 
experiment describes differences in the bio- 
chemistry and incorporation of Psa in the 
separated structures of fowlpox infected skin. 

Matei.ials and methods.  Virus.  The strain 
of fowlpox and preparation of inoculum used 
in this study have been documented (1). 

Experimental animals and separation of 
tissue. Day-old cockerels obtained from a 
local hatchery were inoculated by gently 
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rubbing a 1:s dilution of stock material on 
the freshly plucked scalp, resulting in a con- 
fluent lesion. After the desired interval of 
infectioin, chicks were dispatched with ether 
and the scalps immediately excised, carefully 
rinsed in saline, drained, and placed in 1% 
Bacto trypsin in 0.02 Tris buffer (pH 7.6) for 
17 to 20 hours at 4°C. The tissue then was 
gently rinsed free of trypsin solution with 
0.9% NaCl and allowed to drain. The su- 
perficial epithelium could now be easily re- 
moved, with curved forceps, as a soft paste, 
and the turgid, greatly enlarged, hyperplastic 
f crllicles expressed from the supporting con- 
nective tissue by gentle pressure. After they 
had been rinsed thoroughly in physiological 
saline to remove debris, all tissues were 
frozen and lyophilized to constant weight. 

Chemical procedures. The dried tissues 
were extracted exhaustively at  room temper- 
ature with chloroform-methanol ( 2 :  1 ) .  The 
extracts were taken to dryness under nitro- 
gen (N) ,  and the lipids were repeatedly ex- 
tracted from the residue with petroleum 
either (B.P. 30-60°C). After evaporation 
under N total lipids were dried to constant 
weight and redissolved in a known volume of 
petroleum ether for isotopic and chemical 
analysis. The methods for performing the 
variolus chemical procedures have been noted 
previously ( 1 ) , and only the lipid fractions 
that showed statistical variation as the result 
of infection were employed in the present 
study. The possibility that the extracted 
phospholipid was contaminated with highly 
radioactive inorganic P32 was investigated. 
Exhaustive experiments in this laboratory re- 
veal that no detectable inorganic Ps2 can be 
c,arried over into1 petroleum ether extracts. 

I S O ~ O ~ ~ G  procedures. The experiment uti- 
lized inorganic Ps2 as H3P3204 in HCl solu- 
tioa obtained from Oak Ridge National Lab- 
oratory. Quantitative dilutions were made 
with 0.9% NaCl containing 5 mg %of P as 
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TABIJE 1. I~ip'ici ('011ipc)sition of Repamtcvl ( ' o i i ~ l ) o i ~ e ~ ~ i t s  of Normal  and Infected Chick Skin." 

l'otal 1" I' (3 P Esterifieil 
Tota l  lipitl t P1ios~)l~olipitI c.11olcstei~ol cholestel.ol cholesterol 

Tissue Xorm. Tiif. Norm. Tnf. Sorni .  T n f .  Norm. Inf.  Norm. Inf. 

PO, ( H:<POI) per liter, as recommended by 
Zilversmit ( 2  ) . 

Each chick was given approximately 1 5  
p c  of intramuscularly, and samples of 
appropriate dilutions of the inoculum were 
evaporated to dryness on nickel-plated, one- 
inch diameter planchets. the bottoms of 
which were lined with 3-mm Whatman pa- 
per. (The paper assured uniform distribu- 
tion of the lipid samples which were to be 
counted under the same conditions.) The 
inoculum planchets served as a check on the 
day-to-day variations in counting efficiency 
as well as a measure of the isotope given each 
chick. Activity was determined with a 
Tracerlab End-Window Geiger Tube and 
Superscaler. Counts were made to a prob- 
able error of -t 1% and corrected for decay 
according to the widely used expression A,, = 
A/e-kt Lipid samples were counted in tri- 
plicate in amounts less than 50 mg per 
planchet. It is pertinent that this amount of 
inactive lipid could be added to a previously 
counted inoculum planchet without evident 
loss of activity due to absorption(3). As 
the result of preliminary uptake studies it 
had been determined that maximum incor- 
poration of P32 in the skin of the chick oc- 
curred 48 hours after administration and that 
administration of isotope caused no overt 
changes in lipid composition of the tissues 
under study. Accordingly, in subsequent ex- 
periments all chicks were harvested 48 hours 
after injection of isotope. For each of the 
several trials 90 infected and 90 controls re- 

ceived isotope 48 hours before sacrifice. 
Thirty chicks in each group were killed at  3, 
5. and 7 days. 

The 3-day period was arbitrarily chosen as 
the starting point since the skin at  this time 
shows the earliest evidence of infection, and 
subsequently the lesion develops rather rap- 
idly. The various periods here refer to dura- 
tion of the experiment and not to age of the 
chick which was, on the average, 24 hours old 
at  the onset. 

Results. Lipid changes, It has already 
been stated that Ps2 administration did not 
produce demonstrable isotopic effect on the 
lipid chemistry of intact normal chick skin. 

The lipid changes during course of infec- 
tion are better compared with the normal 
when the skin is separated into connective 
tissue and epithelial elements, i e . ,  surface 
epithelium and follicles. These differences 
are depicted in Table I and represent the 
average of triplicate analysis of 2 different 
trials for each time interval. It should be 
noted that as a group there is a distinct dif- 
ference between normal epithelium and con- 
nective tissue in each of the categories. A 
comparison of infected epithelium and con- 
nective tissue with its normal counterpart 
shows approximately a 2- to 3-fold or greater 
increase in phospholipid and total, free, and 
esterified cholesterol a t  some time during in- 
f ection. 

I t  should be noted that during infection 
one of the components (epithelial phospho- 
lipid) did not increase, having reached the 
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TABIA: J I .  Mpecific Activities of Separated Layers 
of N o r i n d  and Infected Tissues.* 

EpitE ielium Coiinec tive tissuc 
Hrt  Sorm.  Inf .  Norm. Inf .  Follicles 

--_ 

72 .74 .66 .56 .B4 
73 .71 .77  .56 .07 

120 3 6  .59 .35 .I% 
120 .R3 .64 .33 .55 
168 .30 .57 .27 .47 .48 
168 .32 .53 .25 .47 .48 

* Specific activity 
CP.M/1ng P yo inj. PS2 

C P  M/c’hick mg phospholipid I’ 
x 100 = 

t Hr represmt tinw of sacrifice of chicks and, 
where pertinent, post-inoculation of virus. Each 
group received isotope 48 hr before death. 

maximum value earlier in development of the 
lesion. The data concerning the follicles re- 
quire some comment. The study of these 
structures is limited to the 7-day period since 
it is difficult to obtain them in any quantity 
before this time. Furthermore, comparison 
with the normal follicle is not possible since 
these structures cannot be separated from 
the surrounding tissue. Since the infected 
follicle is largely composed of hyperplastic 
epithelium. one might expect the lipid cate- 
gories to tie similar to those of  the surface 
epithelium. With the exception of free cho- 
lesterol all (of the values are appreciably 
higher. Finally, for all categories the sum 
of the components does not approximate 
100~h.  The difference is probably due to 
free and total fatty acids(1). 

Eflel-t OJ’ infection on imorporation of P 3 $ .  
A comparisoii of specific activities (SA) of 
phospholipid P in the several epithelial struc- 
tures and connective tissue at  different time 
intervals is; shown in Table 11. A colmpari- 
son of SA of normal epithelium and connec- 
tive tissue at 7 2  hours reveals that incorpora- 
tion of P 2  is about 20% less in the latter. 
In the older chicks SA of both normal tissues 
drops sharply, approximately 50% in 7 days. 
Average specific activity of infected tissues 
a t  72 hours is approximately equal to that of 
the normal counterpart. However, at  5 and 
7 days average incorporation drops slightly 
and consistently in connective tissue and to 
a lesser degree in surface epithelium, and in 
any case is approximately 1.5 to 1.7 times 

that of the normal controls. It is somewhat 
surprising that surface epithelium and fol- 
licular epithelium have different specific ac- 
tivities. Follicular epithelium and connec- 
tive tissue exhibit the same activity. 

D ~ S G U S S ~ O ~ .  It has previously been re- 
marked that administration of P32 did not 
result in a demonstrable isotopic effect so 
far as the lipid components determined here 
are concerned. Although the significance is 
not apparent it is worth noting that the phos- 
pholipid content did not change appreciably 
in noninfected whole skin or in the separated 
elements, whereas specific activity of the 
phospholipid phosphorus of normal epithe- 
lium and connective tissue was reduced by 
approximately 50% at  5 and 7 days. 

I t  has been shown here that, as a result of 
infection, cholesterol components and phos- 
pholipid increased percentage-wise in both 
epithelium and connective tissue, though to- 
tal lipid of the epithelium did not vary sig- 
nificantly and was considerably decreased in 
the connective tissue (Table I ) .  The refined 
data did not include weight of the tissue from 
wlhich the lipid was extracted. Concerning 
this relation, the ratio of tissue weight/lipid 
weight averaged 2.5 for normal epithelium 
arid 2.9 for infected, at  5 and 7 days. On the 
other hand, weight of infected connective tis- 
sue increased considerably over amount of li- 
pid as ratios of normal to infected changed 
from 3.2 to 6.3. Other than hyperplasia as a 
ccmtributing cause of added weight of con- 
nective tissue, consideration must be given to 
thle contribution made by inflammatory cells 
which are quite abundant. Of course, a class 
of compound other than lipid could contrib- 
ute materially to the added weight. 

The apparent increase in lipid phosphory- 
lation reported here as a result of virus infec- 
tion is, of course, not new. Miroff et a2.(4) 
demonstrated a significant increase in P3z’ 
incorporation into the phospholipids of HeLa 
cells infected with poliovirus. Moldave ( 5 )  
found that mouse brain phospholipid has a 
higher specific activity as a consequence of 
infection with Theiler’s GD VII virus, 1.3 
times that of the controls. Infection of KB 
cells with adenovirus also stimulated uptake 
of PH2 into lipid fractions (6).  There appears 
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to be no explanation for the increase or dis- 
position of phospholipid molecules during in- 
fection. The matter is further complicated 
by reason of extensive hyperplasia concomi- 
tant with virus replication. In this regard 
Levin ( 7 )  cited previous experiments indicat- 
ing that phospholipid metabolism is stiniu- 
lated during certain conditions associated 
with hyperplasia. 

The decreasing specific activity noted in 
noninfected epithelium and connective tissue 
might be due either to lack of uptake or to 
an increased turnover rate. On the other 
hand, the elevated specific activity (gradu- 
ally decreasing with time) of infected tissues 
could be due to an increased synthesis of 
phospholipid compounds or a normal rate of 
synthesis with deposition in areas of com- 
pounds where there is little turnover. 

Summary.  Xormal control and fowlpos- 
infected chick scalp were separated by tryp- 
sin into connective tissue and epithelium. By 
appropriate technics the infected epithelial 
tissue was separated into surface epithelium 
and follicles. Comparison was made between 
normal epithelium and connective tissue and 
between normal and infected tissues with re- 
spect to certain lipids and incorporation of 

P32 into phospholipid. Distinct differences 
in phospholipid and total, free, and esterified 
cholesterol were found between normal epi- 
thelium and connective tissue. The above 
components were increased 2-  to 3-fold at  
some interval of time in both infected epi- 
thelium and connective tissue. The specific 
activities of phospholipid P from all tissues 
were approximate a t  3 days but that of nor- 
mal epithelium and connective tissue fell ap- 
proximately 50% a t  5 and 7 days. In  con- 
trast the incorporation of P32 in infected tis- 
sues was 1.5 to 1.7 times that of normal con- 
trols. 
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The high levels of cortisol in the plasma of 
pregnant and estrogen-treated patients have 
been attributed to an a-globulin named trans- 
cortin by Slaunwhite and Sandberg( 1) and 
referred to as corticosteroid binding globulin 
by Daughaday r t  nZ.(2) .  These authors 
have disagreed on whether binding capacity 
is elevated during pregnancy( 1 )2 )3). These 

~~ ~ 
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findings have made pertinent the develop- 
ment of procedures to determine reliably and 
accurately the binding capacity of plasma. 

The protein responsible for binding has 
not been isolated. The binding process has 
been studied by ultrafiltration (4),  single bag 
equilibrium dialysis a t  4”C(  l ) ,  ‘‘two1 bag” 
equilibrium dialysis a t  4OC ( 2 ) ,  and electro- 
phoresis (5,6). Furthermore, Slaunwhite and 
Sandberg have indicated that the binding is 
not readily reversible ( 1 ) . This has broad 
implication oa the physiologic significance of 
binding in pregnancy and other conditions, 


