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Summary  

(I) The lipid and l ipoprotein concentra t ions  in sera of 4 heal thy and 9 
hyperl ipaemic pat ients  were determined.  From the results of  the analyse3, it is 
suggested that  three  types  of  hyper l ipoprote inaem!a can be distinguished in 
ponies: 

(a) Type  1, characterised by a very p ronounced  increase in only the  very 
low densi ty l ipoproteins (VLDL); 

(b) Type  2, in which there is a p ronounced  increase in the  chylomic, 'ons 
(Chylo) and the  very low densi ty  l ipoproteins (VLDL); 

(c) Type  3, which can be the  result  of  fasting and is chexacte~ised by a 
modera te  increase in the  concent ra t ion  of  chylomicrons  and a greater increase 
in very low densi ty l ipoproteins.  

It is suggested tha t  hyper l ipoprote inaemia  in ponies ~3:: .~..~- ciass~fied on 
the  basis of  e lectrophoret ic  patterns.  

(II) To gather more  informat ion  on the metabol ism of  extra offered lipids, 
b lood f rom ponies suffering from two different  types of  hyper l ipoprote inaemia  
was transfused into normal  ponies ann the  changes in lipid and lipoproteie, 
conce',ltrations in the  blood serum were followed. The reactions were different.  
When h e p a n n  was used as anticoagulant  a great increase in chylomicrons  and a 
~;-,-'~icant increase in very low density l ipoproteins in a heal thy pony  was 
observed. When sodium citrate was used as anticoagulant  a clear increase in the  
VLDL fraction only was noticed.  

Abbreviation.: L'_'poproteins: LP, lipoprotems; Chylo, chylomicrons;  VLDL, very low density lipo- 
proteins -- pre-g-lipoproteins; LDL, low density lipoproteins = ~-Lipoproteins; HDL, high density 
l ipoproteins = a-lipoproteins. 
Lipids: TL, total  lipids; to t  C~. total 'cholesterol  (= CEl l .7  + C); PL, phospholipids; C, free choles- 
terol; CE, cholesterylester$; TG, triglycerides~ DG, diglycerides; FFA. free fatty acids. 



(III) During t reatment  with glucose, galactose and insulin of two ponies 
affected with the same type of hyperlipoproteinaemia it was found that  the 
lipcprotein and lipid concentrations in the blood of both ponies changed in a 
corresponding way and became normal. Both ponies subsequently recovered. 

Introduction 

In a previous study, Schotman and Wagenaar [1] described disturbances 
in fat metabolism in ponies and found normal lipid and enzyme values in the 
blood serum of clinically healthy ponies. Furthermore~ they concluded that  
hyperlipoproteinaemia in penies is in;dated by a failure of ponies to eat which 
results in the laoL.i:i~ation of endogenous fat. This leads to more than a 50-fold 
increase in blood serum triglyceride (TG) values and to a fatty liver. Hyper- 
lipaemia in ponies is a disorder ~vith a very poor prognosis; about 65% of the 
patie,-,ts die [2--6].  By means of paper electrophoresis Schotman [5] found 
that there was an enormous increase in total fl-lipoprotein (fi-LP) concentrat ion 
in the blood of hyperlipaemic ponies (at that time a separation between fl- and 
pre-~."-LP could not yet be achieved ). 

Bartley [7l noted it, 1970 that the lipoprotein ~hat was increased in 
hyperlipaemia was VLDL (pre-~-LP). 

The investigations described in this paper were aimed at providing further 
data on changes in the lipoprotein spectrum in ponies suffering from hyperlipo- 
pro~ei:~a,..'mia. Becau:;e of differences in response t,o therapy we expected differ- 
e~zt types of hyperlipoprotcinaemia as was found by Frederickson and Lees [8] 
in con:motion with human hyperlipoproteinaemia. Morris et al. [9] described 
changes iq blood serum lipoprotein patten~s in ponies with only a very mild 
forn~ o5 hyperlipoprotei~ae~ttia induced by fasting. However, lipoproteins were 
isolated by ultracentrifugation in such a manner that ci~ylomicrons and VLDL 
"e,ere not separated. Upon analysis of the lipids from the LP fractions, they 
noted remarkably low cholesterylesters to ~otal cholesterol (CE/total C) ratios. 
!',~ our .:;~.udy, chylomicrons, VLDL, LU'L and HDL were isolated as separate 
i~w.'ti~,;s !,y prep-'_trative ultracentrifu.gation technique as well as by very good 
f'oiT~eiati:lg t)aper electrophoretic sermrations. 

Because hyperlipoproteinaemi~ i,'-~ ponies also develops during fasting 
[ t 6 ] ,  Scbotman [ 5] suggested that hyperlipoproteinaemia was the result of an 
increased mobilisation of lipids. An enormous offer of mobilised lipids should 
cause the observed shifts in the !ipo,m'otem spectra of lipaemic poe:. ~ 

T,) gather addihonal information on the metabolism of extra ottvLeu 
lipid.~ m ,our study, lipaemi(: blood from two sick ponies was transfused into 
two healthy ponies. As is k~'own heparin activates the lipoprotein lipase 
[5.,I.',)[ Therefore in the t)!ood coming from patient 1, heparin was used as 
an~icoaou!ant. In the blot:d of the other pony sodium citrate was used as 
anticoa,~,(uiant. 

Fmally, we gathered some data during a t reatment  with glucose, galactose 
a~d insulin of two poni<~-s r2nat were suffering from hyperlipaemia, to deline the 
influence of this treatme~ ¢ on the lipoprotein spectrum. 



Materials and Methods 

(A) The animals for the typing of  hyperlipoproteinaemias 
To obtain data on clinically normal  animals, according to the criteria o~ 

Schotman  and Wagenaar [1] ,  blood was collected from four Shetland ponies in 
foal. They  all had been under  the  regular control  of veterinary clinicians for a 
considerable period of  t ime, and were normal ly  fed. The patients were seven 
sick ponies which had bee~ referred to the Clinic for Large Animal Medicine 
and were found  to have lipaemic serum on firs~ examinat ion.  Patient 1 had 
steat~.tis and a worm infect ion,  pa,'ient 2 was emaciated probably as a result of 
strangles, pat ient  3 had colic, pat ient  4 was pregnant  and had nothing seriously 
wrong, pat ient  5 had had a lochiometra ,  pa t ient  6 had a peritonitis traumatica,  
pat ient  7 showed a worm infect ion and pat ient  8 suffered from salmonellosis. 
All patients  had a very poor  appet i te  at the  onset, of the t reatment .  Also 
included was a pregnant  Shetland pony  which had induced byperl ipoprotein-  
aemia as a result of  13 days of  forced fasting. The animal was clinically normal 
at the  onset  o f  the  fasting period and ir the  8th mon th  of  gestation. With the 
except ion  of  two animals all ponies died in spite of  t rea tment .  

(B) The animals for the blood transfusions 
The two normal ponies, acceptors, were about  8 mon ths  pregnant.  Both 

animals belonged to the  Clinic for Large Aniraal Medicine and were examined 
regularly by their veterinarians. Both ponies belonged to the above-mentioned 
group of  normal  ponies. 

The hyperlipaemic ponies (donors). Donor  1 was a pony  that  was referred 
to the  clinic as a pat ient  .¢uffering from a worm infection, a severe acidosis and 
hyper l ipoprote inaemia  ( type 2). Donor  2 was the above-ment ioned pregnant  
Shetland po~y, suffering from hypt , ' l ipaemia ( type 3) as a result of forced 
starvation for 13 days. 

Trap.~r,~sion 1 
After  adjusting the pH of  the  blood by bicarbonate infusion, 2.7 litre.~ 

blood were collected using heparin as ant icoagulant  (2 mg/ml  blood). Imme- 
diately after collection, this blood was transfused into acceptor  1 during a t ime 
interval of  30 rain. Blood samples were taken for analysis just  before transfu- 
sion and 15 min, 30 min,  1, 2, 3, 4, 6 and 12 h after the transfusion was 
comple ted .  

Transfusion 2 
Three litres of  blood were collected using sodium citrate a~¢ anticoagulant  

(10 mg/ml  blood) and the  blood was transfused into acceptor  2 during a tim,, 
interval of  24 min. Blood samples were taken for analysis just before transfu- 
sion and 1, 3, 6, 8, 12, 2 2  30, 48 and 72 h after the transfusion was com- 
pleted. After  the  transfusions were comple ted  both acceptor  ponies ate nor- 
mally. 

The animals for the experiments during treatment (patients) 
Patient  I was a 6-month-old Shetland pony  suffering from hyperl ipopro-  



teinaemia only and presented as a patient at the Clinic for Large Animal Medi- 
cine. This patient was in a poor condition. Patient II was a 7-year-old Shetland 
pony suffering from hyperlipoproteinaemia. This pony seemed to be in a fairly 
good condition when presented to the Clinic. Colic was diagnosed. At accep- 
tance both ponies refused to eat; both ponies subsequeptly recovered. The 
t reatment  ~ith glucose, galactose and insu!in was as described previously [ 11 ]. 
During the therapy water, hay and food concentrates were available. 

Preparation of blood serum 
An 8--10 ml sample of blood was collected in a 15 ml centrifuge tube, left 

at room t, emperature for 30 GO min and centrifuged at 3000 × g for 10 rain. 
When the serum was to be stored for a longer period, 1 drop of a 5% solution 
(w/v) of merthiolate was added and the serum stored at 4 °. 

Fractio::ation of lipoproteins by preparative ultracentri[ugation 
The fractionation of blood serum lipoproteins was achieved by a combina- 

tion of ultracentrifugation* and precipitation [12].  The LDL fraction and the 
combined HDL and albumin bound free fatty acid fraction were separated by 
means of heparin--MnCl2 precipitation according to Burnstein and Samaille 
[13]. The HDL and the albumin bound FFA were not separated. The lipids 
present in the various lipoprotein (LP) fractions were extracted with metha- 
no l -ch loroform (1 : 2, v/v), purified by partition according to Folch et al. 
[ 14], and determined gravimetrically after evaporation of solvent. 

LP electrophoresis 
Paper electrophoresis was carried out exactly according to Lees and Hatch 

I15]. 

Lipid amlysis 
Ar, a!ysis of the lipids was performed by quantitative th n-layer chromato- 

graphy [ ]6 ] .  
The hpM composition was me~.~ured by densitometry with the exception 

of the phospholipids which were estimated directly in the lipid extract  by 
<~oiorimetric determination of phosphorus [ 17]. The methods of estimation of 
• ~he other blood constituents mentioned in this article were as previously de- 
scribed [4]. 

For convenience many data in the tables are rounded off. 

Results 

From Table I, last column, it appears that in healthy ponies the distribu- 
riot:, of the total lipopro~ein lipids over the four commonly recognized LP 
fl'actions shows a remark~.bly consta_nt pattern**; about two-thirds of all serum 
!ipids .are present a~ HDL and the remainder is almost equally divided between 
VLDL and LDL, 

*Sw. lng  o u t  r o t o r ,  3 >: 5 mi ,  N o .  2 4 1 4 ; M . S . E .  S S 5 0 c e n t r i f u g e .  

*:' C h y l o .  r a n g e  1 - -3  v. ei~,ht %; L D L ,  r a n g e  1 6 - - 1 8  w e i g h t  %; V L D L ,  r a n g e  1 0 - - 1 9  w e i g h t  %; H D L ,  
r a n g e  62--72 w e i g h t  %. 
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As can be seen from Table II, last co lumn,  the  distr ibution of  the total 
lipids over the main lipid classes shows a fairly constm.:  picture in heal thy 
animals; phospholipids (PL) and TG iogether  make up 54% of  the  total serum 
lipid content .  

The composi t ion  of  the lipids in the  LP fractions of  the  normal pony  C is 
given in Table III. 

We find FFA in all fractions, indicating that  they are no t  all a lbumin 
bound (and would be concentra ted  only in the  HDL fraction, see Methods).  

(.4) Hyperlipaemic ponies (the patients) 
In Table I are summarised the LP-distributions in the  serum of  pat ients  

which had lipaemic serum at first examinat ion.  Total  l ipoproteins (lipids) are 
only slightly elevated in patients 1 and 2, modera te ly  in 3 and strikingly so in 
ponies 4 - 9 .  Most prcnouncPd is the  increase in chylomicrons,  hardly present in 
th~ normal state and increasing to ever 45% of  the  total lipids in severe hyper- 
lipaemia (patients 5 and 6). The absolute values are clearly elevated in patients  
4--6. Only in patients 1--3. are the concentra t ions  of  chylomicrons  within 
acceptable limits. 

In all of  the hyperl ipaemic sera, the VLDL concentra t ions  are mere  than 5 
times as high as the values in the  reference sera; in the more  severe cases 
(patient 7), VLDL concentra t ion increases up to 70 times. In only three cases 
(patients 4--6), is the concentra t ion of LDL modera te ly  increasea. 

The HDL concentrat ion is not  increased at all, but  in patients  2, 5 and 8, 
a clear decrease is found.  If we compare  LP distributions,  we observe a fall in 
HDL from 65% (mean normal  value) to 2% in patients  5 and 8. 

The distribution and concentrat ions c l  the different  lipids are summarized 
in Table II. All lip;.d classes are elevateo, but  TG is most  strongly affected, a 
50-fold increase from 40 mg/100  ml to 2000 mg/100  ml being qui te  common .  
The increase in CE (from about  128 mg/100  ml to, at the most ,  413 rag/100 
ml) is far less than the  increase in C f iom 22 mg/100  ml t~,, at the  most ,  516 
mg/100 ml. In patient  8 especially the CE concentra t ion is ext remely  low. 
From the triglyceride, cholesteryles~er and cholesterol values some rations (viz. 
C/CE and TG/total  C) are calculated, in order to search for some characteristics 
in the lipid distributions. 

From our former results in therapy,  we have the impression that  one 
might  distinguish different types of  hyper l ipoprote inaemia  in ponies. There- 
fore, in Tables I and II our patie~ts are divided into three ~ou~ " ~n erder to see 
whether any specific differences are evident. 

In ~roup I (patients ~(--3), with slightly to moderately elevated TL levels, 
over 55% of the TL is fo~.md in the VLDL fraction, the absolute levels being 
moderately elevated. Chylo~icron levels are hardly elevated. 

In gu'oup 2 (patients 4--6), either the chylomicrons and the VLDL frac- 
tions are very highly elevated in a relative as well as in an abs-~lute sense; the 
LDL fractions are mede~ately elevated. 

Ir,~ group 3 (patier:d:s 7--9), the  VLDL fraction comprises over 78% of  the 
total lipids; the ch:,.-lo~nicron fraction being m~derately elevated in terms o~ 
weight .,% of total i!ipids. ' .... 

Furthermore~ i~~ Table III the lipid composi t ions  o f the fractions of  hyper- 



lipaemic sera are compared with those of  normal serum (pony C). As already 
mentioned FFA would be expected to be specifically present in the HDL 
fraction as a result of  the method of  fractionation, but FFA are found in all 
fractions. The percentage of  PL is low in the LDL and HDL fractions of the 
serum of  the patients 1--3. 

Noticeable also is the rather high percentage of CE in the chylomicron 
fractions in ponies 1 and 2. The same phenomenon has been reported for 
chylomicrons in fasting human sera [12 ] .  

In the serunl of  patients 7--9 we found that all the chylomicrons and 
VLDL fractions have a high percentage of TG as usual, although the LDL 
fractions (3, 1 and 1% by weight  of  the total serum lipids) also have an elevated 
percentage of  TG. The phospholipid content  of the HDL is decreased. 

Electrophore~ic separation of lipoproteins. Very clear lipoprotein patterns 
were obtained by means of  paper electrovhoresis. The electrophoretic patterns 
were in excellent agreement with the above-mentioned figures of ultracen- 
trifugal analysis. Chylomicrons are concentrated in bands very well separated 
from pre-~-LP. 

(B ) Transfusions 
Transfusion 1. In Table IV, the lipoprotein values after transfusion are 

presented. Shortly (15 min) after completing the transfusion, we observed a 
strong rise in the VLDL fraction, a strong rise in the HDL fraction (expected 
because of  the increase in albumin bound FFA in this fraction due to the 
fractionation procedure), and hardly any change in the chylomicrgn concentra- 
tion. 

Up to 12 h (the maximum time interval during this study) we find a 
steady and very strong increase in. this chylomicron concentration and after a 
strong drop between 15 and 30 min a steady increase in the VLDL concentra- 
tion, the HDL fraction returning to no:real values. In the time inteIval of 0--6 
h, a definite increase :~ LD. ~. cc, ncentration can be observed. In Table V the 

TABLE IV 

LIPOPROTEIN COMPOSITION IN SERUM OF PONY A AFTER TRANSFUSION OF 2,7 LITRES OF 
BLOOD FROM PONY I (ACIDOSIS AND HYPERLIPOPROTEINAEMIA) 

First value (upper line) in rng/100 ml and second value (lower line, in parentheses) in weight % ()f total 
l ipids .  

Ti.,-le Donor  At- 
af ter  1 cep-  
trans- t o t  1 
h~sion 

C h y l o  272f  6 
(45) ( 2 )  

V L D L  2868 57 
(47) (19) 

L D L  381 48 
( 6 )  (16) 

H D L  97 188 
( 2 )  (63) 

TL 6071 299 

I h 2 h .:; ~" : ~ 6 h 12 h 

18 268 
( 1 )  (20) 
624 176 
(42) (13) 
188 54O 
(13) (40) 
661 365 
(44) (27) 

1491 1349 

179 228 581 366 580 851 
(14) (18) (45) (32) (47) ¢53) 
192 127 364 196 270 444 
(14) (10)  (28) (17) (22) (28) 
551 408 146 331 173 108 
(43) (33) (II)  (28) (14) ( 7 )  
374 481 207 273 2i 1 i89 
(29) ( ' ,9) (16) (23) (17) (12t  

1296 1244 )298 !i66 1234 1592 
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T A B L E  V 

L I P I D S  IN S E R U M  O F  A C C E P T O R  I A F T E R  T R A N S F U S I O N  O F  2 ,7  L I T R E S  O F  B L O O D  F R O M  
D O N O R  I ( A C I D O S I S  A N D  H Y P E R L I P O P R O T E I N A E M I A )  

First value (upper  l ine)  in r a g / 1 0 0  m l  ang s e c o n d  va lue  ( l o w e r  l ine,  in p a r e n t h e s e s )  in w e i g h t  % o f  to ta l  
lipids. 

T i m e  a f t e r  0 15 r a in  3 0  r a i n  1 h 2 h 3 h 4 h 
trans fusion 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C E  1 2 5  1 9 4  2 1 6  2 0 7  1 9 9  2 0 8  23; ]  2 2 2  2 2 3  
( 4 2 )  ( 1 3 )  ( 1 6 )  ( 1 6 )  ( 1 6 )  ( 1 6 )  ( 2 0 )  ( 1 8 )  ( 1 4 )  

T G  57  4 4 7  351  3 2 4  1 9 9  6 6 2  3 7 3  6 1 7  9 2 3  
(19 )  ( 3 0 )  ( 2 6 )  ( 2 5 )  ( 1 6 )  ( 5 1 )  ( 3 2 )  ( 5 0 )  ( 5 8 )  

C 2 4  1 6 4  14~  1 5 5  1 3 7  1 0 4  1 2 8  1 3 6  1 4 3  
( 8 )  ( 1 1 )  ( 1 1 )  ( 1 2 )  ( 1 1 )  ( 8 )  ( 1 1 )  ( 1 1 )  ( 9 )  

F b A  21 5 0 7  4 4 5  4 5 3  5 4 7  7 8  2 5 7  8 6  6 4  
( 7 )  ( 3 4 )  ( 3 3 )  ( 3 5 )  ( 4 4 )  ( 6 )  ( 2 2 )  ( ' ~ )  ( 4 )  

P L  7 2  179  1 8 9  1 5 6  1 6 2  2 4 6  1 7 5  1 7 3  2 3 9  
(24 )  ( 1 2 )  ( 1 4 )  ( 1 2 )  ( 1 3 )  (1.9) ( 1 5 )  ( 1 4 )  ( 1 5 )  

Tota l  l ipids  2 9 9  1491  1 3 4 9  1 2 9 6  1 2 4 4  1 2 9 8  1 1 6 6  1 2 3 4  1 5 9 2  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 h  1 2 h  

corresponding lipid values and some lipid ratios are summarized. 
If we compare the values for 0 and 1.5 rain, we see a strong increase in 

triglyceride (TG) and FFA concentration. It is striking that the FFA concentra- 
tion decreases just at the moment that the TG and the VLDL concentration, 
but especially the chylomicron concentration, increase. The alterations in the 
FFA and TG concentration parallel, in general, the lipoprotein concentration, 
e.g., the dip in chylomicron concentration at 4 h is reflected by a dip in TG 
concentration. 

Transfusion 2. A totally different response is measured (Table VI). It is 
surprising that no greater response takes place in the time interval up to 12 h 
after transfusion. After an initial increase measured frc~'~ around 1 h up to 8 h 
after transfusion hardly any change could be noted. Then an almost explosive 

T A B L E  Vl  

L I P O P R O T F . I N  C O M F { ) S I T I O N  IN S ' : ,RUM ()F  P O N Y  B A F T E R  T R A N S F U S I O N  O F  3 L I T R E S  O F  
B L O O D  F R O M  P O N Y  2 ( H Y P E R L I P A F . M I A  I N D U C E D  BY F A S T I N G )  

First value (upper  l ine)  in m g / l O 0  m i  a n d  s e c o n d  value ( l o w e r  line, in p~z~ntheses )  in w e i g h t  % o f  tnta l  
Iipids.  

• "Dh-,~c a f t e r  I ~ a n o r  2 
t f a l l s  f l l s i i ) n  

C h y l o  

V L D ! .  

L D L  

t t lSL 

T L  

A c c e p -  i h : l h  t ; b  ~ h ! 2 h  ' 2 ' . ~ h  3 9 1 .  ~ o  . . . .  , 

tor 2 

5 0 4  4 13 3 4 3 12  3 9  3 7 3  7 2 
( 1 4 )  ( 1 )  ( 1 )  ( 1 )  ( 1 )  ( 1 )  ( 2 )  ( 3 )  ( 1 3 )  < 2) ( 1 )  

2 8 8 0  4(; 194  3 4  47  51 1 7 6  7 1 9  2 2 3 7  56  5 0  
( 7 8 )  ( ! ( ~  (19 )  ( 7 )  ( 1 0 )  ( ! 0 )  ( 2 7 )  ( 5 9 )  ( 8 0 )  ( 1 2 )  ( 1 1 )  
4~  ~9 2 2 4  111 107 1 1 8  1 0 8  1 1 !  27  1 0 5  1 0 0  

( t )  ~ !7 )  ( 2 2 )  ( 2 3 )  (221  ( 2 2 )  ( 1 6 )  ( 9 )  ( 1 )  ( 2 3 )  ( 2 1 )  
2 4 9  ~9:~ 5 9 2  3 2 7  3 1 7  3 5 6  3 5 9  3 5 6  1 5 5  2 8 5  3C8  
c 7) :72)  (58)  ~69) (67)  (67)  (55)  (29 )  ( 6 )  (63)  ( 6 7 )  

3 6 8 1  4 0 6  1 0 2 3  4 7 5  4 7 0  5 2 8  6 5 5  1 2 2 5  2 7 8 2  4 5 3  4 6 0  
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increase in VLDL concentration with a maximum at 30 h after transfusion 
fol lowed.  This increase was accompanied by a dip in the HDL co:rzentration. 
Besides that there was a definite but relatively moderate increase in chylo- 
microns. After 48 h the pattern was similar to that before the transfusion. 
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Fig. 1. The changes in the lipoprotein spectrum and in the lipid composition in perccnt, ases and in mg/lO0 
ml in the blood of the patients I and II during treatment with glucose, ga!actose and insulin. 
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(C) The influence of treatment 
The changes in lipids and lipoproteins in the blood of  hyperlipaemic 

pop, ies during treatment with glucose, galactose and insulin are shown in Fig. 1. 
In both patients the same devihtions in the lipoprotein patterns were observed, 
namely a slight increase of  the chyiomicron concentration and a clear increase 
only in VLDL concentration. Dining treatment there was a rapid decrease in 
VLDL and TG concentrations, but also in the glycerol and the activities of the 
different enzymes (AP, LDH and SDH). 

Discussion 

(A ) The different types o f  hyperlipoproteinaemia 
Upon considera t ion of  the results in Table  I, it is apparen t  that  the  first 

change in the l ipoprotein  pat tern during the deve lopment  of  hyper l ipopro te in-  
ae:nia in ponies (patmnts  1--3) seems to be an increase in the  VLDL concentra-  
Lion accompanied  by a modera te  rise in the  TL and TG values ( type  1). This 
change is much raore p ronounced  in pat ients  7 and 8 and in pat ient  9 with 
induced hyper i ipopro te inaemia  ( type  3); the chy lomic ron  fract ion is also some- 
what elevated. 

The l ipopmte in  concen t ra t ions  in pat ients  4 - 6  ( t ype  2) are changed in a 
typical  way,  as chy lomicrons  and VLDL are present  in nearly equal  very large 
amounts ;  the LDL concen t ra t ion  is also clearly elevated.  It  is possible tha t  
hyper l ipopro te inaemia  in ponies evolves from a pa t te rn  such as tha t  in ~onies 
of  group 1 through the pat tern  of  group 3 leading to  the  pa t te rn  of  group 2. This 
seems unlikely,  however ,  because uf  the  specific increase in LDL concen t ra t ion  
in type  2. 

As a result  of  this s tudy  we may state that ,  in ponies,  three types  of  
hyper i ipoprote inaemia  may be distinguished. These are: (Type  1) a type  with a 
p redominant ly  strong increase in VLDL and a zero to mode ra t e  increase in 
chylomicron  concen t ra t ion  (Freder ickson t ype  IV ih human  hyper l ipopro te in-  
aemia); (Type 2) a type  in which nearly equal bu t  highly elevated concentra-  
~mn~ of chylomicrons  and VLDI, can be found {Frederickson type  V in human  
hyper l ipoproteinaenf ia)  in association with a certain bu t  less p ronounced  rise in 
i,r)L concent ra t ion;  tm ...... ..... ~ ,y~,~ ,..) a t ype  which is induced by fasting. Tbis last t y p e  
is nut  ye t  ctearly established. 

Clear informat ion can be ob ta ined  by  the use of  paper  electropk.'~resis 
according to Lees and }-_iatch [15]  b2 which the tw,, ,~qsumed types  can be 
distinguished on the bases of  an increase in VLDI,  only  or a .. . . .  ' .... ~ " tease 
in VLDL and chyiomicrons .  

(~) The transfusic:.-,s 
Cc.mparing rh(~ changes in l ipoprotein  concent ra t ions  af ter  the transfu- 

sions of  lipaemic blood into heal thy ponies (Tables IV--V1) we observe differ- 
ea t  react ions i.~" ~ile b lood  o f  heal thy ponies.  In botb  exper iments  there  is at  
first an incr~:~aseci or  increasing HDL concent ra t ion ,  fo l lowed by a decrease in 
that  conce~,racion.  This decrease is accompan ied  by a rise in the  V L D L  and 
chylomicron  concent ra t ion .  In . . . . . . . . . . . . . . . . . . . .  " " LIII  ~ t.:i:Ib~ U I  b t g t l l b l U S i O l ]  I (donor  ~ -" accep tor  1) 
the increase in total  !ipids in b lood  from acceptor  A is more  or less as can be  
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expected from mixing the sera; this totzd lipid vzlue does not  change very much 
up to at least 12 h. 

The VLDL level still increases up to at least 12 h (maximal t ime of tb, is 
experiment) ,  accompanied by an increase in TG concentration, but a decrease 
in FFA concentration.  The chylomicron level is unexpectedly low directly after 
the completion of the trar::fusion, but steadily increases at a high rate up to at 
least 12 h. The initial low values can be explained by a high turnover rate of 
chylomicrons as evidenced by the high FFA levei {Table V). 

The immediate increase in the HDI_ fraction (HDL + FFA) can partially 
be explained by taking into account  the fact that  there is a quick FFA release 
from the administered lipoproteins. This release of FFA is accelerated because 
the. administered heparin has an activating effect  on the lipoprotein lipase ill 
the blood of  the recipient pony [51. The data concerning the course of the 
FFA and TG levels in Table V ind!zate that the greater part of this amount  of 
FFA probably is taken up into triglycerides and finally causes a strong increa.m 
in the chylomicron and an increase ia the VLDL fraction ('Fable [V). 

The supposition that the initial increas~ in the I II)L fracti(m oliginates 
from a clear increase in FFA is supported by the similarly observed decrease in 
the HDL frc, ction after 2 h. This is exactly the time that the FFA concentrat ion 
is decreasing and the triglyceride concentrat ion and the VLDL and chylo- 
micron fra.etions are increasiog (Tables IV and V). The response of acceptor 2, 
which received blood with a strongly increased VLDL level and a moderately 
increased chylomicron level was different. Up to 12 h after the transfusion 
nothing happened. However between 22 and 30 h there w,~s a (:lear decrease in 
the HDL concentrat ion and an c*:plosive rise and fall from and to the normaJ 
values of VLDL. The chylomicron level increases moderately at the same tim(:. 
Probably the administered lipoproteins cannot be hydtolysed at the same rate 
because in this case tne lipoprotein lipase is not activated by heparin. There- 
fore, the different -,:'sponse could t)e ext,ected. From the chylomicron and 
VLDL levels 12 ~- -f~.~:" th ,~. transfusions (Tal)les iV and V!), it can be conch,ded 
that a greater availability of FFA can lead to an increased production of chylo- 
microns and VLDL. The fact that the HDL fractions after the transfu~i~,as are 
increased until the VLDL and chylomicron f]actions begin tc, rise sugg,,sts 
that the fat ty acids that are released from the administered lipopro~eins arc 
gathered it, the HDL fraction, probably bound to albumin. After some time 
these FA are used for the synthesis of TG. These TG are taken up in the 
chylomicrons and VLDL. The character of t l~ ~ ,:!;:,,,-rs seems to depend on the 
rate at which the fatty acids are released. The hi~her this rate of release, the 
more chylomicrons are synthesized. When the release of fatty acid~ is more 
gradual, then the extr~ offered lipids can be worked up by synthesizing more 
VLDL. 

It is not  clear to ::'hat extent  observeu differences between the two trans- 
fusions are influenced by the type of hyperlipoproteinaemia that occurs in the 
donor  of the lipaem ~c blood. 

(C) The changes occurring during treatment 
In the prolonged t reatment  with glucose, galactose and insulin, both the 

patients treated appear to have suffered from liver damage, as the LDII and AP 
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concentrations were increased [18].  The high blood glycerol concentrat ion 
that we measured in the blood of the two patien*s treated suggests that  the 
hyperlipoproteinaemia occurring in these patients is the result of increased fat 
mobilization. The increased concentration of VLDL suggests that the same 
type of hyperlipoproteinaemia {type 1) was present in both patients (Fig. 1). 
From the changes in the glycerol concentration {Fig. 1) it is evident that the 
therapy leads to a decrease in fat mobilization and that the initially high TG 
concentration generally decreased. The influence of the therapy on the devia- 
tions in the lipoprotein specmtm is also very obvious. A decrease in the per- 
centage of VLDL and a rise in the percentage of HDL can be observed in both 
patients {Fig. 1). After the mobilization decreases as a result of therapy, the 
rem,~val of the lipids (mainly TG) from the liver to the different tissues and the 
adipocytes can apparently be effected by gradually returning to the synthesis 
of the normal pattern of lipoproteins (Fig. i).  The observation that  the PL 
concentration as well as the percentage of HDL increase ~upports this hypothe- 
sis. 

The observation that a therapy with glucose alone did not  result in a 
decrease of the TL concentration in the blood [3,5] suggests that  insulin plays 
an important role. One of the activities of insulin is to stimulate FFA uptake in 
the adipocytes [19--21].  Therefore, the ey.planation for the observed changes 
might rather be sought in a decreased fat mobilisation [221 and an increased 
FFA uptake in the ,dipocyte .  /~erhaps a fuiiy normally functioning liver can 
still regulate the lipid *~ransport during an extra increase in TG without  a shift 
in lipoprotein synthesis. A liver with a large pool of endogenous triglycerides, 
for instance, cannot manage that [ 23]. Which comes first, an increased concen- 
tration of TG in the liver or the si~ift in lipoprotein synthesis, is not  known at 
this time. 

Summarizing, it can be sta.ted that increased fat mobilization in ponies 
with slight liver damage results in a shift in lipoprotein synthesis. The greater 
amount  of fat mobilized, the more VLDL and chylo,.ficrons are synthesized. 

Treatment of ponies s~fffering from hyperlipoproteinaemia with glucose, 
galactose and insulin can effect a decrease in tota! lipid concentrat ion and a 
correction of the disturbed LP pattern in the blood. 
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