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cant (p  = < . O l ) .  These observations sug- 
gest that mice inoculated with pertussis vac- 
cine become sensitive to the lethal effects of 
histamine by virtue of the reduced ability of 
their tissues to inactivate this amine. 

H .  pertussis vaccine may have a toxic effect 
on the enzyme, presumably histaminase, 
which destroys histamine. This vaccine may 
also exert its effect indirectly by damaging the 
adrenal gland. The tissues of an adrenalecto- 
mized animal have a reduced histaminase 
activity ( 7 ) .  In their sensitivity to histamine, 
to bacterial vaccines and to anaphylaxis, 
pertussis inoculated mice are very similar 
to adrenalectomized animals ( 2 ) . 

Summary. Lung tissue from pertussis- 
inoculated, histamine-sensitive mice has a 

reduced ability to destroy histamine as com- 
pared with lung tissue from uninoculated, 
histamine-resistant animals. 
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Influence of Ilypophysectomy and Growth Hormone on Cartilage Sulfate 
Metabolism." (20726) 

S. ELLIS, J. HUBLI?,~ AND M. E. SIMPSON. 
From the Institute of Experimenkzl Biology, University of California, Berkeley. 

The biochemical effects of growth hormone 
on cartilage are virtually unknown, yet the 
proliferative response of epiphyseal cartilage 
to growth hormone is one of the most impres- 
sive biological affects of this endocrine sub- 
stance when administered to immature hypo- 
physectomized rats. The recent demonstra- 
tions( 1,2) of the uptake of radioactive sulfate 
by cartilage and its incorporation into chon- 
droitin sulfate suggested that this process 
might be profitably explored as to its endo- 
crine control. Toward this end, the effects of 
hypophysectomy and growth hormone injec- 
tion on the uptake of radioactive sulfate have 
been examined relative to the normal animal 
and are here described. 

Methods. A tracer dose of S35 labeled in- 
organic sulfate containing 1.5 x lo7 counts per 
minute in a 0.1 ml of saline was injected into 
the saphenous vein of ether anaesthetized rats. 
Blood samples were removed after 13, 19 and 
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2 5  hours of equilibration and the heparinized 
plasma was separated by centrifugation. Plas- 
ma samples were deproteinized with an equal 
volume of 10% trichloracetic acid and the in- 
organic sulfate precipitated with an ethanolic 
solution of benzidine (3) .  The twice ethanol- 
washed precipitate of benzidine sulfate was 
then determined colorimetrically with p-nap- 
thoquinone sulfonate (4). An aliquot of the dis- 
solved benzidine sulfate solution was plated on 
a copper planchet and radioactivity estimated 
at virtual infinite thincess. For the determina- 
tion of the specific activity of cartilage sulfate 
(inorganic and esterified) , samples of rib carti- 
lage were dissected free of adherent tissues and 
40-50 mg were digested with 3 ml 4 N HCl for 
2 hours in a boiling water bath after which the 
samples were evaporated to dryness. Solution 
of the residue in 5 ml of water was almost com- 
plete and any undissolved carbonized residue 
was removed by centrifugation and discarded. 
The pH of the solution was between 2.0-2.5. 
The sulfate was precipitated with ethanolic 
benzidine, filtered on paper and air-dried. The 
radioactivity of the benzidine sulfate precipi- 
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T-IELE I. The Effect  of Gron-th Horuione on S3j Specific Act ivi ty  of P lasma a i d  Cartilage. 

('artilage specific P c t i r i t y  $ 
HI* a f t e r  Plasiiia W7 Cart i lage S3.; - ----- 

Rat  tylleL S*= inj. specific actii-itTt slJwific act ivi ty  Plasma specific act ivi ty  
-- _ _ _ _ _ _ _  - _ _ _ - _ ~  ~~ - _ _  _--___ 
Sl)rnl;Il 13 2.8 2.6 .93 ( .G -1.3 ) 
HJ-p 14.1 ..) 

1 .07 ( .04- -09) Hyp 9.9 
H?p + G H  (i . .j 2.;; .35 ( .3 - .4 ) 

H ~ I  4.0 .G .15 ( .1 - .2 j 
H - p  + GI1 3.9 1.8 .4(i ( .4 - .fl ) 

.04 ( .03- .04) 
Hyi) + (;€I 11.1 1 .I .10 ( .08- .lI) 

2..i 1.7 (1.4 -1.8 ) so r111:11 19 1 ..j 

S u l ~ m a l  - . I  .) - 1.4 2.0 1.4 (1.0 -1.8 ) 

__ ~ _ _ _  ~ - ____-- ____ - ~ - _ ~ _ _ _ -  
4-5 rats i i t  each grou~i .  

t Specific activitJ- = eouiits/inin. x lO'/iiig sulfur. + -\vg \--:tlue ~ i11d  riillge of variation. 

tate on the filter paper was measured and suit- 
able corrections for self-absorption applied 
since mass of the precipitate was appreciable. 
All samples were corrected for decay. The 
benzidine sulfate precipitate was estimated 
colorimetrically as in the case of plasma. 

Rats of the Long-Evans strain were hypo- 
physectomized at  26 days of age and injections 
with either growth hormone or saline began 
on day 12-13 post-operative. For comparison 
with untreated hypophysectomized rats, nor- 
mal control rats 28 days of age were used. 
All animals were females and weighed 70 g 
with the maximum variation being t 5 % .  All 
animals were maintained on Diet l ( S )  fed 
ad libitum during the experiment. 

The growth hormone was prepared essential- 
ly by the Li salt fractionation method(6). 
The minimum effective dose for thyrotropic 
and interstitial-cell stimulating activities in the 
growth hormone preparations used was 4 mg 
as determined by the 4-day histological repair 
test using immature hypophysectomized rats'. 
'The minimum effective dose of growth hor- 
mone necessary to evoke a significant epiphy- 
seal cartilage response in the 4-day tibia test 
( 7 )  was a total dose of 10 p g .  Hypophy- 
sectomized rats treated with growth hormone 
were given 25 pug daily for 3 days following 
which labeled sulfate was injected one hour 
after the last growth hormone injection. 

Results and discussion. In  Table I are 
summarized the plasma inorganic sulfate and 
cartilage inorganic and esterified sulfate spe- 
cific activities after 13, 19 and 25 hours. 

Hypophysectomy of the immature growing 

rat markedly decreases the uptake of S "  by 
costal cartilage. When the cartilage: plasma 
sulfate ratios of hypophysectomized and nor- 
mal rats are compared, it can be seen that in 
the hypophysectomized rat P5 uptake is never 
more than 11% of normal. The greatly di- 
minished uptake of the tracer by hypophy- 
sectomized rat cartilage presumably is re- 
sponsible in part for the relatively smaller 
dilution of the injected tracer. 

As it is evident from carti1age:plasma spe- 
cific activity ratios shown in Table I, growth 
hormone has a small but nonetheless unmistak- 
able effect in restoring the ratios toward nor- 
mal. Thus, a t  19 and 25  hours after injection 
of the tracer, the specific activity ratios in the 
growth hormone treated rats were 21% and 
33% of normal respectively. Uptake in the 
untreated hypophysectomized rats was 4% 
and 1 1  % a t  the corresponding time intervals. 

The restoration of the specific activity ratio 
in the growth hormone hypophysectomized 
rat has not been attained under the present 
experimental conditions. I t  is possible that 
a longer period of treatment with a higher 
dose level of growth hormone may be required. 
Furthermore, the well known synergism be- 
tween growth hormone and thyroxin may 
necessitate the combined injection of the two 
hormones for the complete repair of cartilage 
sulfate metabolism in hypophysectomized rats. 

Summary. Hypophysectomy of immature 
growing rats results in a markedly diminished 
sulfate uptake of costal cartilage as judged 
from the cartilage to plasma inorganic sulfate 
specific activity ratios. The injection of 



FIBRINOLYTIC SYSTEM IN HUMAN MILK 605 

growth hormone partially restores this ratio to 
normal under the conditions employed. The 
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A Fibrinolytic System in Human Milk.*+ (20727) 

TAGE ASTRUP AND IDA STERNDORFF. 
From the Biological Institute, Carlsberg Foundation, Copenhagen, Denmark. 

The presence of an activator of plasminogen 
in urine suggested a search for fibrinolytic 
activity in other fluids secreted or excreted 
through narrow channels ( 1 ) . Milk and 
casein are known to contain small amounts 
of a proteolytic enzyme ( 2  ) . The experiments 
to be presented here show that there exists in 
human milk a fibrinolytic system restembling 
that demonstrated in human blood (3).  This 
result is in accordance with the independent 
observation by Geiger (4), that streptokinase 
increases the proteolytic activity of mixtures 
of milk with rabbit plasma. 

Materials and methods. Enzymic activity 
was estimated by the following 3 methods: 
I .  Fibrinolytic effect was estimated on bovine 
fibrin containing plasminogen by the standard 
fibrin plate method(5) and recorded as the 
product (in mm2) of 2 diameters of the 
lysed zones (average of 3 determinations). 
11. Effect on bovine fibrin, where plasminogen 
had been destroyed by heating, was estimated 
similarly on fibrin plates heated for 45 min. 
a t  85 “C(  6).  111. Proteolytic activity was 
estimated on casein (3% in borate or phos- 
phate buffer) after precipitation with per- 
chloric acid (final concentration 6%) by de- 
termination of the optical density of the 
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supernatant a t  270 mp using a Hilger Uvispek 
spec tropho tome ter . 

Human milk was obtained fresh from The 
Children’s Hospital, Fuglebakken , Copen- 
hagen. The samples were centrifuged. and 
the skimmed milk was used. Bovine plas- 
minogen was prepared from ammonium sul- 
fate precipitated fibrinogen( 5 ) ,  using 0.9% 
NaCl instead of the usual barbital buffer) by  
heating for 10 minutes at  54°C followed by 
dialysis of the supernatant against saturated 
ammonium sulfate. The precipitate was re- 
dissolved, dialysed against borate buffer: and 
lyophilized. Streptokinase (“Varidas~”) was 
obtained from the Lederle Laboratories 
Buffers: Barbital: 0.1 M ;  pH 7.75; NaCl to 
,U 1 0.15. Borate: 0.05 M ;  pH 7.75; NaCl 
to p = 0.15. Phosphate: 0.06 RI; pH 7.35; 

Fibrinolytic activity of human milk. A 
wide range of fibrinolytic activity was en- 
countered when samples of human milk were 
applied to standard fibrin plates. Activity 
measurements of about 400 mm2 were ob- 
tained maximally and a considerable number 
of samples showed no or only a slight 
activity. In all samples of mills. the addition 
of streptokinase produced a high fibrinolytic 
activity. The streptokinase solution alone 
had only a very slight effect on the standard 
fibrin plates (Fig. 1) .  However, no or only 
a trace of activity was found when the effect 

p = 0.15. 


