
Fla. 1. Isoli~tit~n 0. imrnltis from a nf sclpro-of m i x t ~ ~ r e  
phytic spunb#. A 111Iset1spore X I I S I I C I I X ~ ~ I I I\vtln 11111t.~11 011 plttte 
A, nlllcb c.ontr\int.tl 0.5 mg nctidit~n~./rrrl l~rlx111 IIIP~UIIIII,J I I I ~  
serinlly nI~rrutl oo llltttes IS. C. ilntl I). \v\'hich contt~int~tl llre 
same n~edi~llll. It.\\' I.OIOII~CS COII I I ~nt*tbll on .\ u a ~ ~ r o l ~ l ~ , \ ~ t l c  
plates A. B. :111tlC :  I,ctt the grey, xllplltly nrtrist. dtrmr-xt~sl,t.d 
colualea of C. immitl* CIIII Ile seen on ull the plates, auJ 
apyeur In pure culture on ylute U. 

taining 0.1 mg actidione/ml, C. immitis colonies were 
recognizable but were overgrown with saprophytes, 
whereas on the remaining plates of the series sapro- 
phytic growth was negligible and rnany isolated col- 
onies of the pathogen appeared. On a series containing 
0.5 mg actidione/n~l, the growth of the saprophytes 
was further restricted, and, even after 12  days, the 
plates contained C. immitis in allnost pure culture 
(Fig. 1). 

Blu. 2. 1:sl~ohllr.r14' ;t~.tItiit~t~e to nir For 4 hr.~ n t ~ l i u  tllr 

The effectiveness of the actidione media in suppress- 
ing the gro~vth of airborne saprophytic fungi was 
tested by exposure of plates out of doois for prriods 
of 1-6 hr. The plates contained 0, 0.1, 0.5, and 1.0 t n g  
of this antibiotic per rill. After esposui~e, the plates 
were covered and incubated a t  '25' C. After (i days 
only a very filw restricted colouics of saprophytic 
fungi had developed on the plates contailiiiig ncti- 
dione, whereas the controls were conipletely covered 
with sap~.opltytcs (Fig. 3). 

These prelilniaary tests suggest that 0.1 mg acti- 
dione/ml of the basal agar tnay be of value in the 
isolation of C. immitis from the air, whereas the 
higher concentrations, 0.5-1.0 ~ng/l i~l ,~niglit be re-
quired for isolation from more heavily contalninated 
materials. 

Field tests of these media are in progress. 
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The Experimental Production of Lipid 
Depcsition in Excised Arteries 

Sigmund L. Wilens 
Departments of Pathology, Bellevue Hospital, and 
New York Viriverrity-College of Medicire, New York 

Anitschkom ( I ) , after many years of investigation, 
was of the opinion that there is nornlally a constant 
passage of fluid through the walls of arteries in the 
direction from the luinen to the adventitia. He be- 
lieved that atherosclerosis resulted from disturbances 
in this fluid transport. Little effort has been lnade to 
substantiate or disprove this simple hypothesis. A 
series of experiments was therefore undertaken to 
study the filtration properties of excised hunlan ar-
teries. 

During the course of these experiments, it was ob- 
served that visible lipid would deposit in the tissues 
of normal arteries if nor111al hutlian blood serutn was 
filtered through its walls a t  nonnal arterial pressures 
for 24 hr or  longer. The present con~luunication is  a 
preliininary report of this observation. 

Coin~non and external iliac arteries were removed 
a t  necropsyl within 24 h r  of doath from individuals 
19-26 years of age who had died suddenly following 
trauma. They were rinsed in 0.9% saline and the loose 
advehtitial adipose and areolar tissue removed. One 
end of the vessel was niade watertight by inserting a 
short glass rod with a bulbous tip and ligating it in 
position with coarse soft thread. The other end was 
fastened with a silnilar ligature to a glass cannula. 
This was then attached to a manometer system, and 
the internal air pressure raised slowly to 300 mm Hg. 

Plates 111 ~ I I W  V I I I I ~ ~ I ~ I I  0.6. tint1 1.0 nlg t t c * t i t l i t ~ ~ ~ t ~ / ~ ~ ~ l .  t~-1) 0.1. The distended vessel was then submerged in saline to 
The two p1tltt.u I M ~ ~ I \ vcaonli~inno tlctitlic~llr. After inc~tl~iltlon. 
a fern rtcl~r~~l)ltytic. c.411~nles oil t l l ~ilctllli~neFIIIIZIIS :ll)l~eilr~tl 
plates. 1,111 l i l t - vontrol yktea were covered wlth the growth 
of saprophytic ful~gi. 

October 12, 1951 

The arteries were obtained throuph tlle courtesy of Mil-
tnn Nplpprn, Ifnlwrt F t ~ l ~ e r ,  llenry \Veinberg, ofnncl the 
Medical Esaniiner's Office of the City of h'ew York. 



TABLE 1 

Pressure 
(mm Ilg) 

Serum 
Total 

c2loles-
terol 

(nlg/%) 

Total 
protein 
(mg/%) 

Albumin 
globulin 

ratio 
(mg/%) 

Calcium 
% 

Non-
protein 
nitrogen
(nlg/%) 

Cllloridcs 
(tug/%) 

45 Before filtration 
Retained ill artery 

after filtration 
Filtrate 

145 nefore filtration 
Ect:~illetl in artery 

after filtration 
Filtrate 

245 nefpru filtration 
Rctlrlllecl in artery 

after filtration 
Filtrate 

320 Before filtration 
Rrt:ii~led in artery 

after filtration 
Filtrate 

test f o r  leaks and minute nutrient vessels. The latter 
are  present in a l~out  one of every five iliac arteries 
and are  some\vhat Inore frequent in the colnnion than 
in the external iliac artery. Po i i~ t s  of leakage were 
easily dcternlined by escaping air  bubbles. Only ves- 
sels that a c r e  leakproof a t  300 rnlu I i g  were used. 

Pooled serunl of huntan blood donors and of pa- 
tients drawn within 24 h r  of the test was obtained 
from the Scrology Laboratory a t  Bellevue IIospital. 
This was aspirated intd a graduated 5-n~l  pipette, and 
the latter was attached in a vertical position to a 
manometer. Tlie cannula a t  one end of the arterial 
segment was attached by rubber tubing to the lower 
end of the pipette, all a i r  bubbles dislodged, and the 
pressure adjusted to  the desired level with due allow- 
ance for  the length of the column of se run~ above the 
vessel. The apl)rosiniate inner surface area of the 
distended vesscl was calculated fro111 its length and 
external dia~neter.  The rate of filtration was deter-
mined by ~nclasuring the amount of serum lost frotq 
the pipette during the first 4 hr  of filtration a t  room 
temperature and expressed f o r  collveniet~ce as  1111 of 
filtrate/hr/lOO cm2 of intimal surface. The distended 
artery was placed in a test tube and the filtrate col- 
lected. 

Total cholesterol (Bloor), total protein, albumin/ 
globulin ratios, calcium, nonprotein nitrogen, and 
chloride detcr*~l~inations done the originalwere on 
serum, on the fluid left in the vessel after 24 hr  of 
filtration and on the filtrate obtained. From these de- 
terminations and from the volumes of filtrate and 
serum retained with the vessel lumen, the amounts of 
cholesterol and protein that had been retained in the 
vessel wall were computed. 

The filtrate differed so strikingly from the original 
serum in appcnrnnce and chemical colnposition that 
i t  is obvious that it had diffused through the tissue of 
the arterial wall and had not escaped through leaks 
or nlinutz intramural vasa vasora. The fluid was 

watery, very pale yellow, and had lost its opalescence. 
I t  contained only uiinute aniounts of cholesterol or 
none a t  all and relatively little protein. I n  sorne in-
stallces the globulin was co~npletcly reniovcd by 
filtration. The a l b u l ~ ~ i n  content was reduced. The fil- 
trate contained 25-50% less calciu~~t  than the original 
serum, indicating that  much of the protein-bound 
fraction had bccn reiuoved. Inorganic substances such 
a s  chlorides and nonprotein nitrogen were present in 
approsin~ately the same concentration in the filtrate, 
in the retained fluid within the vessel lulllen, and in 
the original serum. 

The serum retained within the lumen of the vessel 
was viscid and dark yellow, especially af ter  prolonged 
filtration. The cholesterol content of the retained 
fluid was markedly increased. Values of 600 mg% 
were not uneonlmon. The protein content, especially 
the globulin fraction, was also grratly increased and 
in some instances the albumin/globulin ratio was re- 
versed. The calciuln content was ~tloderately elevated. 
Sample protocols are  shown in Table 1. 

I t  is obvious, therefore, that large niolecular sub- 

TABLE 2 

FILTRATIONRATEOF SERUNTHROUGH ARTERIALWALLS 
AT VARYINGLEVELSOF PRESSURE 

Rate of filtration (n11/100 ern2 
surface/hr) 

Pressure Common iliac Esternnl iliac 
(mm IIg) . artery artery 



TABLE 3 


CUCULATED AYOUNT OF CHOLESTEROL IN WALLSOF EXCISEDILIAO AFTER
RETAINED ARTERIES 
FILTRATIONOF POOLEDHUMANSERUM 

Cholesterol retained in 
Serum retained Serum retained Filtrate artery wall (calc) Filtration 

pressure 
(mm H?4) 

45 

95 

120 

145 

245 

270 

320 

Observation 

Volume (ml) 
Cliolesterol mg% 
Cholesterol mg 

(calc) 
Volun~e (ml) 
Cl~olesterol mg% 
Cholesterol rng 

(calc) 
Voluu~e (ml) 
Cl~olcsterol n~gg/, 
Cliolesterol lug 

(calc)
Vo111ule (ml) 
Clrolestcrol mg% 
Cholesterol mg 

(mlc)
Voluntc (ml) 
Clrolesterol mg70 
Cllolesterol nlg 

(cnlc)
Volu~nc (ml) 
Cl~olcsterol mg% 
Cllolcstcrol mg 

(cnlc)
Volunie (ml)
Cl~olcsterol n ~ g %  
Cliolesterol nlg 

(calc) 

in 1un1e11 and 
filtered 

5.3 
323 (initial) 

17.12 
9.4 

270 (initial) 

25.38 
5.8 

270 (initial) 

15.GG 
8.9 

303 (initial) 

26.07 
6.0 

215 (initial) 

12.90 
10.7 

190 (initial) 

20.33 
6.2 

303 (initial) 

20.03 

in lumen 
mg % 

2.5 2.8 - -
458 None - -

11.30 I  I  5.82 34.0 
4.0 5.4 - -

522 None - -
20.88 < < 4.50 17.7 

3.4 2.4 - -
279 ATone - -

9.49 I I  6.17 38.1 
3.0 5.9 - -

519 85 - -
15.57 5.02 6.38 23.7 
2.0 4.0 - -

5GG None - -
11.32 I I 1.58 12.3 
4.2 6.5 - -

380 60 - -
15.96 3.90 0.47 2.3 
2.7 3.5 - -

49G hTone - -
13.49 I I 6.54 32.6 

tinued for  3 6 4 5  hr  a t  200-300 mm Hg,  sufficient lipid 
had accu~nulated in the entire esposed ilititt~al su~*face 
to  give a reddish color when the artcry \\.as stained 
in toto wit11 Sudan IV. The amount of lipid deposited 
depended chiefly upon the a~nount  of fluid that had 
filtercd through the vessels pcr  unit of surface area. It 
also depended to solne extent upon the original thick- 
ness of the fibrous intinla and for  this reason was gen- 
erally more pronounced in the thicker conimon iliac 
than in the external iliac artcry. A t  physiological 
blood pressures ('75-125 mm H g )  scanty lipid de-
posits were first noted after 24 hr  of filtration. The 
lipid material appeared to spread unifor~nly through- 
out the entire thickness of the intitna in sotlie in- 
stances; in others, i t  had concentrated a t  the internal 

stances do not readily enter the arterial intiilia within 
the range of filtteation pressures tested (20-320 rnm 
H g ) .  A t  20 111111 Hg pressure no fluid filtration oc-
curred. A t  30 111111 I-Ig a very slow rate of filtration 
was noted. A t  increasing pressures the rate of fil-
tration was correspondingly accelerated (Table 2),  
but the character of the filtrate was essentially un- 
changed. 

By calculation (Table 3) ,  i t  was found that  20-50% 
of the cholcsterol present in the original volume of 
serum filtercd could not be accountcd for  by concen- 
tration within the lumcn of the vessel. I t  was con-
cluded, therefore, that some of the cholesterol had en- 
tered the arterial wall and had been retaincd within 
it. I t  was esti~natcd that 2-35% of the cholesterol in 
the filtration system was deposited int~~t~tnural ly .elastic la~iiclla. The latter often acted a s  an effective 
Similar co~nputations revealed that a small propor- 
tion of protein was consistently lost during filtration 
and was prcsumably deposited intramurally. The rela- 
tive amounts of cholesterol and protein retained in 
the vesscl wall did not depend upon the pressure 
level of filtration. These did incrcase with the length 
of time of filt~.ation, but there was considcrable un- 
explained variation in individual espcriments. 

The presence of lipid in the arteries mas confirmcd 
by Sudan I V  staining of frozen sections (Figs. 1,2). 
After 1 8  hr  of filtration a t  high pressures a light dif- 
fuse deposit of lipid was usually observed in the intima 
of the artcry. This was most pronounced a t  the prosi- 
ma1 end of the arterial segments. I f  filtration was con- 
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barrier against the further penetration of lipid ma-
terial. There was no tendency to lipid droplct forma- 
tion, and the lipid in the impregnated intimal tissue 
was not doubly refractive. 

At  points whcre ligatures had been applied and the 
intima1 tissue crushed, lipid often had pencltrated 
through the media but was arrested a t  its junction 
with the adventitia. I n  several expcrirnctits where high 
filtration pressures mere used, stainable lipid mntcrial 
in  appreciable amounts had diffused through the 
media and had concentrated a t  its esternal margin. 
After prolonged filtration a t  high p~~essurcs, the media 
were itnpregnatcd with lipid throughout. There is 
little doubt, however, that the intact internal elastic 



lamella serves as a resistant barrier to serum rholcs- 
terol, whereas the intillla1 surface is s cn~ ip t~ r~~~eab le  to 
this material as constituted in nor~nal hun~an blood 
serulil. 

The artificial ronditions of experiments on excised 
nonviable a~.tcries ure such that it is i~~~possihle to 
state that filtration of blood scru~n occurs duri~ig life 
through the \valls of arteries in an identican1 ~nanncr. 
There are serc.ral circu~nstances that suggest thnt 
the mechanis~~~ of filtlation observed does rc.flc*ct in 
sonie nleasuw \vl~ut rllay occur physiologically. The 
filtration propr~rties of esci~ed artchries are fairly con- 
stant and are not altered apprecinbly by post-niortrm 
changes. I f  two vessels are obtained ~ I - O I I I  a person 
within a few honrs of dcatli and one is testcld inl- 
mediately and the other after 43 hr in the ircbox, no 
significant change in rate or clla~-actcr of filtration is  
noted. Second, the se~~~ipermeability of the artei.inl 
wall to seru~n constit~lcnts is sin~ilnr to that which 
exists in capillary walls in  vivo. Third, the prcsRu1.e 
threshold of Hltrstion at  20 nim I lg  is very close to 
that a t  which mpilhry filtration is believed to occur. 
Furthermore, the arterial wall retains much of its 
physical characteristics after it has lost its viability; 
for example, its 14aatic properties are not greatly ul- 
tered. I t  is notem-orthg that arterial graft3 ol~ti~inihd 
up to 28 hr d t e r  death have been success'fully trans- 
planted (2). 

I t  is possible, therefore, that the filtration of serum 

F I G .  1. l ' i ~ ~ ~ ~ ~ ~ r ~ l ~ . r ~ ~ p r z ~ l ) h  of Intlnlz~l ~ ~ t r t i r r n u  of tv~rrr~rron 
illrc artc*rlru UI:IIIII.~I \\ 'It1 SIIIIIIII I V  ilftt'r I I I ~ I I I ~  ~llrilt*~~clcd 
with rierlllll z ~ t  ::oil IIIIII 11:: for 4S br. Tllr ~ ) I ~ ~ k - u t z ~ l ~ r t ~ ~ l  lll~id- 
eontnlnlng i ~ l ' l ~ r ~ r c  zrlqvcSzrr 81s brot~d t l i~ rk  ~I-I : \ .  I IZIIIIIU tl18rt are 
slxt~rpl.\- ~ ~ t ~ l l l ~ r r ~ c i  f r c ~ ~ r ~  the pnl~r I I ~ ~ I I C I P  of I I I ~ I I I I Z I I  ~~~rf i lce  
t l ~ r ~ t  lay IIIII*I~I~ l l l r  avr1c.u of d i d t t s l l d l ~ ~ l ~ .  T ~ I .  t1zu.k llllnetzrte 
area8 In tlrr I8:clrc.r ul1t.c.1111m are poir~tn n t  nfrlcl~ tlrr 1111t-rual 
elastica \vua ruptured anu lipid peuetruted into the media. 

k'lt:. 2. I'I~IBIIIIII~I~~~~~II~III t b f  SIII~ZIII I V - u t n i ~ ~ c ~ c i  frwt-11 wctlon 
nf lllaa. urmry ~lkra-ndnl x i~ l r  wtbrllrn for 48 11r 111 lot, nrnl IIg. 
TIII- lurlurn la uulfururly ilnprrguuted with durkly atnined 
liyid. 

through excised arteries may not he totally dissimilar 
to what obtains during life. The filtratio~~ properties 
of the vessel wall nlay depend Inore upon thr size and 
charac-ter of interstices in the ha111r.work of the ves- 
sel than upon the permeability of living cell mem- 
branes. The chnlacter of intillla1 lipid deposit pro- 
duced artificially so closely rese~nhles that occurring 
spontaneously in the vety stages of arterial lipid de- 
position that it is likely that a somewhat similar 
mechanism is involved in both processes. There is no 
reason to believe that an inert lne~nbrane such as the 
internal elastic lamella should change very greatly 
within a few hours of death. It is suggested, there- 
fore, that the filtration of serum through artery walls 
under the conditions of the ezperinionts provides di- 
rect and substantial evidence in favor of the filtration 
theory of lipid deposition in atherosclerosis. 

The failure of cholesterol to pass' freely through 
capillary walls is generally attributed to its linkage 
with large protein molecules. It is likely that the 
major fraction of serum cholesterol fails to enter the 
arterial intima for the same reason. The fraction that 
does enter the intima is probably united to relatively 
small protein molecules or entirely dissociated from 
protein. Moreton (3) and Gofrnan st  al. (4) have 
claimed that serum lipids may exist in aggregates 
of nilying particulate size. I t  is possil~le, therefore, 
that the smaller particles of lipid in the serum are 
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able to enter the intima, whereas the larger ones are 
rejected. 
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Mango Grafting in Eight Weeks 

L. B. Singh 
Fruit Researrh Station, Saharatapur, U .  P. ,  India 

Mango is con~~nercially propagated by inarching. 
Age of tlie seeclli~~gs to be iuarehcd varies f roln 1%to 
2% years, and the grafts are sepal-ated fro111 the 
parent tree in about 3 months. Thus, it takes 2-3 
years before a ~llur~go graft is ready for transplanting 
in the field. During this period, the nurseryluan must 
take very good care of the seedlings; bcsidcs, copious 
watering of grafts, essential for good union, makes 
the method culubersome and expensive. Further, such 
grafts, being on 2-year-old seedlings, have a relatively 
poor root systeln. They also do not transport well. 

Inarching of mangoes on 4-week-old sced,lings was, 
therefore, tried by; the author in order to overcorne 
the serious disadvantages mentioned. Blango stones 
planted in the the first week of July started gerlni- 
nating by the end of the month. About 30 days after 
germination, the seedlings attained a height of ap-
proximately 1 f t  and a girth of in.-% in. One 
hundred such seedlings were lifted from the seedbed 
along with stones and sprouting roots, and the soil 

F I G .  I. 
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clinging to the stones was removed. The stones were 
then eovercd with wet sphagnum nloss about 4/2 in. 
in thickness, held in position by a tliin string. The 
seedlings wilre taken to the parent tree and innrched 
with new shoots of equal thickness in early Svptember 
(Fig. 1). 

Co~llplete union took place in ahout a month, and 
the grafts 1ver.e detached fro111 the 111othei. plnnt by 
the e i~d  of Scq)tc.l~~berand potted. Eliyllty I)cbr cent 
success was o l ~ t t ~ i ~ ~ r d .  with-\ITutcring \\.as co~~~plc tc~lp  
held since the rntire operation was co~aplc~tc~d in the 
rainy smson, when the rain water absorl)c.d by the 
nloss furllisl~ed the required n~oixture. This 111ethod 
also ohviatcvl the necessity of lifting of stock with a 
ball of soil for food material, as this was supplied 
by the stones. 

Temperature-dependent Characteristics 
of an Adenylpyrophosphatase 
Preparation from Potatoes1 

Kwan-Hua Lee and John J. Eiler 
col lege o j  Pharmacy, 

U~t ivers i t y  o f  Calijurnia Medical Center, Satt Francisco 


A need for a means of selectively hydrolyzing the 
acid-labile phosphate groups in ATP arose in our 
studies (1)on the turnover of labeled phosphate in 
the ATP prescllt in prepal.ations from allinla1 tissues. 
Although crystalline myosin (2) and purified my-
okinase (3) proved useful, the time and effort in- 
volved in the preparation of these enzynies, together 
with the laek of stilbility of myosin, proinpted a study 
of other pi.c~pavations (4) that might be both stable 
and easily available. We report here on a preparation 
from potatoes which, in suitable dilution, possesses 
the desirable property that a t  temperatures above 7' 
C it  catalyzes the hydrolysis of the 2 acid-labile phos- 
phates in ATP, and a t  7' or below it catalyzes the 
hydrolysis of only the terminal group. The prepara- 
tion is quite stable and may be prepared in a period 
of 24 hr. One sample, saturated with toluene, main- 
tained its activity over a period of a ymr. Bvtween 
periods when aliquots were withdrawn for use in the 
analysis of ATP, the solution was stored a t  2'6'. 
The usefulness of our preparation in  the large-scale 
conversion of ATP to ADP is being studied. 

Kalckar (5) and, later, Krishnan (6) reported on 
an enzyme preparation from potatoes catalyzing the 
hydrolysis of the acid-labile phosphates in ATP. 
Kalckar (5) suggested that a single enzyme was in-
volved. Bleyerhof (7) proposed that the name apyrase 
be reserved for the dephosphorylating enzymes that 
do not distinguish between ATP and ADP. Our 
preparation differs sdc ien t ly  from those reported by 
Kalckar and Krishnan to suppose that we are dealing 
with a different enzyme or a mixture of enzymes. 

'This investigation was supported by a rerrenrch grnnt from 
the X i ~ l i i i l ~ i ~ l.\tIvIsury Heart Couucil, National lnvtitutes of 
IIealtIl, L.SI'IIS. 


