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im M6rser mit  Sand (pro 100 g reinem Quarzsand 5 g 
CaCO3) zerrieben, anschtiessend mi t  )kther extrahier t  
and durch ein Jena-Glasf i l ter  3G3 filtriert. Die Ftfissig- 
keit  wurde im Vakuum eingeengt and quan t i t a t iv  auf 
Whatman-Inapier Nr. 1 in Streifen aufgetragen and nach 
der Methode von BAUER 3 modifiziert  y o n  SIRONVAL 4, 
chromatographier t .  Als L6sungsmittet  kam ein Gemisch 
yon Benzol, Petrol~ther  und Azeton 100:25:20 in An- 
wendung. Die Chromatogramme warden aufgeschnitten,  
die Chlorophylle in je 40 ml Ather  tiber Nacht  bet 0 ° ex- 
t rahier t  and im Beckman-Spekt rophotometer  gemes- 
sen, Chlorophyll a bet 665 m/x und Chlorophyll b bet 
645 m#. 

Ergebnisse. Die Totalmenge yon Chlorophyll a betrug 
bet vollern~hrten bzw. st iekstoffmangelnden Gersten- 
pflanzen pro 100 g Frischgewicht Blattf l~che im Durch- 
schnitt  : 

Chlorophyll a ~ 252 mg t 
Chlorophyll b 86 mg ~ + N 
Chlorophyll a = 170 mg } 
Chlorophyll b 50 nag _ - N 

Daraus errechnet  sieh das Verh~ltnis yon Chlorophyll 
a]b bet vollern~hrten Pflanzen zu 2,9 and das yon N- 
mangelnden zu 3,4. 

SAGROI~ISKY s fand, dass K ohne Einfluss auf den 
Quotienten a/b ist, abet  dass N-mangelnde Pflanzen von 
Chlorella einen etwas h6heren Quotienten a/b haben 
als Normalkulturen.  BAUMEISTER and BURGHARDT 6, die 
m i f  Zink arbeiteten,  kamen zu dem Resultat ,  dass Zink- 
diingung keinen Einfluss auf das Verhitltnis Chlorophyll 
a]b hat. 

Der Quot ient  Chlorophyll a/b, der yon den Beleuch- 
tungsverhAltnissen abh~ngig ist, scheint somit  von N-, 
K- and Zn-Zufuhr nur wenig beeinflussbar zu seth, 
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Pllanzenphysiologisches Laboratorium der Universitdt 
Kopenhagen, Ddinemark, den 8. Ja~zuar 1957. 

Summary  
The ratio chlorophyll  a/b was invest igated in leaves from 

full-manured and nitrogen deficient barley plants. The 
quot ient  a/b was 3.2 in nitrogen deficient and 2-9 in full- 
manured plants. 
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Antilipemic 
Activities of Several new Heparinoids 

The impor tan t  position of heparin in the problem of 
atherosclerosis is abundant ly  documented in a great  
number of experimental  and clinical papers. In the 
search for new potential  substi tutes ffor heparin, we pre- 
pared a series of new heparinoids, including a sulphonat-  
ed ovomueoid, a sulphonated hyalomucoid,  a sutphonat- 
ed amylose undepolymerized and part ial ly depolymeriz- 
ed, a sulphonated saponin and a sulphonated tannin. 
The antilipemic and ant icoagulant  activit ies of these 
substances were determined in comparison with heparin. 

All substances studied were applied subcutaneously in 
different doses to male rats s imultaneously wi th  olive 

oil, and after  2 h the blood was aspirated from the heart. 
The turb id i ty  of the serum was measured nephelometri- 
calty, to ta l  fat was est imated in all dosages and more- 
over  to ta l  cholesterol was determined in one dosage 
(15 mg/kg). The same dosage was subjected to paper 
electrophoresis. E v e r y  dose was applied to 5 animals. 

The results of these experiments  are shown in Figure 1. 
The levels of cholesterol oscillate irregularly around the 
mean value. There is a clear evidence of rough correla- 
t ion between to ta l  fat and the degree of clearing, The 
heparinoids can be classed into two groups: (1) sulphon- 
ated ovomucoid, sulphonated hyalomucoid and sulphon- 
ated amylose undepolymerized,  all of them substances 
chemically more closely related to heparin and displaying 
little anti l ipemic action;  (2) sulphonated amylose de- 
polymerized, sulphonated saponin and sulphonated 
tannin,  evident ly  substances with little chemical rela- 
t ionship to heparin possessing small molecules and 
relat ively high anti l ipemic act ivi ty.  The correlation be- 
tween dose and action is evident  from the total  fat de- 
termination,  whilst, as far as the grade of clearing is 
concerned, the si tuation is more complicated. Thus it is 
very  difficult to interprete  the two-phase response to 
rising dose in the case of sulphonated saponin. 

The ant icoagulant  ac t iv i ty  of the heparinoids was de- 
termined by the modified ant i thrombin test  of STUDER 
and WINTERSTEIN 1. Figure 2 shows a reversed relation- 
ship of activit ies of the two groups of heparinoids. 
Whereas the first group shows a relat ively high anti- 
coagulant  act ivi ty,  the other  group, having smaller 
molecules, reveals a ve ry  tow one. 

The clearing ac t iv i ty  in vitro was demonstrated with 
lipemic rat  serum as a substrate.  F rom Figure 3 the same 
order of anti l ipemic activities is quite  conceivable which 
was demonst ra ted  previously in the exper iment  carried 
out  in vivo. 

Figure 4 represents the results obtained by paper 
electrophoresis of ra t  sera after administrat ion of hepa- 
rinoids and olive oil. The lipoproteins were dyed with 
Sudan I I I  and the l ipidograms were evaluated  by ela- 
tion. In  every figure the tipemic control is represented 
by dashed lines and the change following the application 
of heparinoids by black areas. In the control curves three 
peaks are distinguishable. The highest peak is localized 
near the s tar t  and corresponds to r-globulins in the pr0- 
teinogram, t h e  middle one corresponds to ~-globulins 
and the fastest peak is located within and before the 
area of albumin. According to the influence they exert 
on this pat tern,  the heparinoids can be classified into 
three groups. The most similar to heparin is the snlph0n- 
ated saponin and the sulphonated ovomucoid.  All three 
produce only lit t le or no acceleration of migrat ion and a 
very  significant relat ive lowering of the peak near the 
s tar t  in favour  of the other  two. The sulphonated amy- 
lose and sulphonated tannin show a more conspicuous ac- 
celeration of migrat ion of alI three peaks. The sulph0nat- 
ed depotymerized amylose exerts, moreover,  an especial- 
ly marked depressing influence on total  lipoproteins. In 
the third group, two substances possessing high mole- 
cular weight could be classified: the undepolymerized 
sulphonated amylose and sulphonated hyalomuc0id. 
Even  if the acceleration of migrat ion is moderately 
marked, the relat ive change of the peak height  is small. 

In addition, the acute toxicities were determined on 
mice. The results are summarized in the Table. 

On the basis of comparison of this series of heparin0id 
substances, i t  was suggested tha t  the most  significant 

x A. STUDER and A. WINTEKSTEIN, Helv. physiol. Acta 9, 6 (1951), 
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SUBSTANCE DOSE TOTAL FAT DEGREE OF CLEARING CHOLESTEROL 
mg/k 9 40Ore, Y- 200  0 50  1 0 0 ~  mg X 

' i  ' ' i  ' 1. HEPARIN 15 ! : I IIIII 64  

2.sULPHON. 15 ! I I 8 0  
, I II ovo,uco ,  o : i l 

3. SULPHON. 15 -~: _[ I 84 
HYALOMUCOID 30 ~i L 6o -: ,E:=='--'-- 

4.5ULPHON 15 ~ 66 
AMYLOSE 30 ~ I 

60 

5.SULPHON. 15 "-~ 79 
" :} 

DEPOLYM ER.  60 t i  . ,  L 

' d - - - - -  

30 
60 ~ 

i ' 
TANNIN 30 ' I I 

60 i , I iI 

Fig. 1.--AntiHpemic activity of a series of hepafinoids in comparison with hepa- 
fin as revealed by the degree ol clearing and lowcring of total fat in rat serum. 
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Fig. ~.--Anticoagulant activity of a series of hepa- 
rinoids in comparison with heparin in the antithrom- 

bin test in vitro. 

LD 50 Confidence Substance mg/kg limits 

sulph, ovomucoid. 
sulph, saponin 
sulph, tannin 
sulph, hyalomucoid. 
sulph, amylose depolymerized . 
sulph, amylose undepolymerized 

600 
410 
330 
175 
31 
17 

408-880 
205-820 
206-528 
83-367 
19-51 
10-31 

antilipemic act ivi ty  is shown by substances possessing 
a relatively low molecular weight. Besides the partially 
depolymerized amylose which has high toxicity, sul- 
phonated t a n n i n  and sulphonated saponin deserve 
special at tent ion.  Furthermore,  both substances pos- 
sess a weak ant icoagulant  act ivi ty and both, notably 
sulphonated saponin, produce similar changes in the 
lipoprotein pa t te rn  as heparin. Our observations con- 
stitute further support  for the evidence of non-specifity 

of the antilipemic action, and its dissociation from ant i -  
coagulant action furnishes support  for the evidence of 
high activity of substances with low molecular weight. 
Moreover, the acceleration of electrophoretic migrat ion 
and relative change in concentrat ion of lipoprotein frac- 
tions can be influenced independent ly  by  various 
heparinoids. J. HLADOVEC, Z. 1-{OUBAL, and 

V .  MANSFELD 

Pharmaceutical and Biochemical Research Institute, 
Prague (Czechoslovakia), December 18, 1956. 

Zusammen]assung 

AntilipAmische und blu tger innungshemmende Wir- 
kungen einer Gruppe halbsynthetischer Heparinoide 
wurden in vivo und in vitro best immt.  Sulfoniertes Sa- 
ponin und sulfoniertes Tann in  wiesen eine bedeutende 
antilipiimische und vine schwache blutger innungshem- 
mende AktivitXt auf. Diese Stoffe beeinflussten auch die 
Elektrophorese der Lipoproteine in ~hnlicher Wcise wie 
Heparin. 
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Fig. 3.--Antilipemic activities of heparinoids in vitro in comparison Fig. 4 . -  Lipidograms of rat sera after the application of heparinoids 
with heparim in comparison with heparim 


