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The formation of thrombin in the circulating blood in a concentration presenting a risk to life mayresult from a
number of causes, including alimentary lipemia. The appearance of lipoprotein particles (chylomicrons) of low den-
sity in the blood may provoke thrombinogenesis as a result of the thromboplastic activity inherent in these particles
[36, 37, 40]. The thromboplastic activity of the chylomicrons is due to the fact that they contain certain phospho-
lipids which stimulate and accelerate the process of blood clotting [15, 32], like tissue thromboplastin.

The appearance of thrombin in the blood as a result of alimentary lipemia may evidently cause a vicious circle:
thrombin blocks the activity of lipoprotein lipase [39], leading to prolonged retention in the plasma of lipoprotein par-
ticles, causing thrombinogenesis. However, the appearance of a slight excess of thrombin in the circulating blood of
the healthy organism does not lead to thrombosis because of the protective reaction of the physiological anticlotting
system [3-8]. This reaction takes the form of a reflex secretion of various humoral agents into the circulating blood,
preventing clotting and neutralizing thrombin. Among these substancesare heparin and the heparin-like substances 2,
8, 10]. An increase in the concentration of heparin in the circulating blood has also been demonstrated after the in-
travenous infusion of a fat emulsion [19]. It was shown as far back as 1943 [30] that heparin in vivo accelerates and
stimulates the clearing of plasma in alimentary lipemia by activation of lipoprotein lipase [17, 18, 21, 22, 33, 34, 35].
Because of these findings, lipoprotein lipase was considered to be a component of the physiological anticlotting system
[5, 9, 12]. In experiments on rats reared on Wilgram's diet [42, 43], we found [1, 10] that this type of atherogenic
diet leads to depression of the function of the physiological anticlotting system after 5-8 months of the experiment, as
a result of which an acute prethrombotic state develops, with certain definite diagnostic signs. In these conditions,
the animals often showed spontaneous conversion of the prethrombosis into a thrombosis, which we were inclined to
attribute to provocation of thrombin formation in the circulating blood because of the combination of the persistent
alimentary lipemia and depression of the physiological anticlotting system.

The object of the present research was to examine the importance of the lipoprotein lipase to the function of
the physiological anticlotting system.

EXPERIMENTAL METHOD
Experiments were conducted on 450 male albino rats weighing 220-320 g. Normal control animals were kept on
a balanced laboratory diet, while the experimental animals received Wilgram's atherogenic diet for a period of 8 mo.
Blood for investigation was taken from the jugular vein of the rats by syringe. The heparin or thrombin solutions used
in the experiments were given in the same way.

The fibrinolytic activity of the blood plasma and the fibrinogen concentration were determined by Bidwell's
method [13]. The plasma heparin tolerance was obtained by Gormsen's method [23] and the heparin concentration
in the plasma was calculated from the protamine sulfate titer by the method of Le Roy and co-workers [44]. The
total blood cholesterol was determined by Grigant's method [27]. The lipoprotein lipase activity was judged by the
velocity of hydrolysis of a standard triolein substrate (commercial preparation), used in a concentration of 300 or 500
mg% [29]. Free fatty acids were titrated with a 0.01N KOH solution. The results were expressed in mg% in terms of
oleic acid with a molecular weight of 282. The method of determining the fatty acids was taken from the papers by
Borgstrom and co-workers [14], Engelberg [18], and Grossman [28].
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EXPERIMENTAL RESULTS

mg % Z After the experimental rats had received Wilgram's
,Zzgg 30 ’_,.—-""" diet for 8 months, they were in an acute prethrombotic
254 ./' state, characterized by an increase in the fibrinogen con-
1 25 /-/ p centration on the average to 628.5 mg% (control 348.5

mg ) and a sharp fall in the fibrinolytic activity of the
blood on the average to 7% (control 38.6%), together
with an increase in the plasma heparin tolerance (mean
. ‘ . . values, experiment 4 min, control 15 min, 13 sec). The
0 & 10 15 20 25 30 total blood cholesterol was increased ten-fold: mean
Time (in minutes) values, experiment 750 mg%, control 75 mg%.

Fig. 1. Lipoprotein lipase activity (in mg% of free fatty All the rats in a prethrombotic state showed a

acids) of the blood plasma of 36 experimental rats (1) I'nail;e‘d dlecreIase in the p?asma lipoprotein lipase activ-
in a prethrombotic state caused by an atherogenic high- tty (Fig. 1). In the experiments undertaken to study the

fat diet (for 8 months) and of 36 controls (2). Mean values. causes of this phenomenon, the blood heparin concen-
tration of the experimental animals was found to be

Plasma Heparin Concentration in Rats in a Prethrombotic  ©%ered to half or one-third the control value (see table).

State Caused by an Atherogenic Diet (for 8 months) The intravenous injection of 50, 75, 100, and 200
Experi- units of heparin into an experimental rat led to a sharp
Rat No. Rat No. Control increase in the lipoprotein lipase activity (Fig. 2). It
mental - .
should be noted, however, that the activity of this en-
36 40 2 100 zyme in the blood of the experimental animals never
gg %8 | 3% " ig %88;%38 reached the level f:har'acter-istic of the plasma of the
90 50 36 u 48 100—120 control rats receiving identical doses of heparin.
101 40 37 u 46 100—120
106 30 — — These results show that the lipoprotein lipase ac-
%?(75 5(0)—%8 — — tivity of animals in a state of prethrombosis caused by
- o - Wilgram's atherogenic diet was depressed as a result of
heparin deficiency. In view of the fact that after intra-
Mean 39,5 110 venous injection of identical doses of heparin into the
animals of the control and experimental groups, the
Note. The figures (experiment and control) denote the lipase activity in the latter did not reach its level in
weight of protamine sulfate (in pg) neutralized by 30 pg = normal rats, it may be postulated that besides the heparin
of pure heparin added to 1 ml of plasma. deficiency the animals in a prethrombotic state also suf-

fered from a relative deficiency of the enzyme itself.

When normal animals received intravenous injections of thrombin solution in doses of 0.8-1.2 ml (from 12 to
18 Mellamby units) their lipoprotein lipase activity showed a tendency to increase (Fig. 3).

Thrombin, when taken in equivalent amounts, meanwhile inhibited the plasma lipoprotein activity in vitro,
lowering it by almost half. The intravenous injection of thrombin in doses of 0.5-0.6 m1 (activity 7.5-9 units)
caused no perceptible increase in the lipoprotein lipase activity, although titration of the heparin in the plasma of
these animals with protamine sulfate revealed a relative excess of this substance. For instance, before intravenous
injection of thrombin, the neutralization of 30 pg heparin added to 1 ml of plasma required on the average 70-80 pg
of protamine sulfate. Meanwhile, in the same conditions but 4-5 min after intravenous injection of thrombin, 100-
120 pg of protamine sulfate was required to neutralize the same quantitiy of heparin.

The activation of lipoprotein lipase after the intravenous injection of thrombin into the animals was due to the
appearance of heparin in the blood stream as a result of a reflex humoral mechanism operated by the protective anti-
clotting system. The tendency for the lipoprotein lipase activity to increase was maximal 5 min after injection of
thrombin or after incubation of the plasma for the same period. It seems that the heparin released into the blood
stream remains in the free state for only a short time, after which it forms a complex with proteins and thereby loses
its ability to activate lipoprotein lipase.

Our results demonstrate that the lipoprotein lipase of the plasma is associated with the physiological anticlotting
system: heparin secreted by a reflex mechanism into the blood stream activates the enzyme and thereby accelerates
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Fig. 2. Plasma lipoprotein lipase activity of 170 control rats (2) and of
60 rats in a prethrombotic state caused by atherogenic high-fat diet (1),
depending on the intravenous injection of different doses of heparin.
Mean values.

Fig. 3. Change in lipoprotein lipase activity (in mg% of free fatty acids)
in 140 normal animals after addition of thrombin in vitro (1), and before
(2) and after {3) injection of thrombin in vivo. Mean values.

the clearing of the plasma in alimentary lipemia . This physiological reaction in the healthy organism is partially
suppressed or absent in the prethrombotic state,caused by prolonged feeding with an atherogenic diet.

We also know that alimentary lipemia depresses fibrinolysis [1, 11, 16, 20, 24, 25, 26, 31, 41]. The prolonged
survival of lipoprotein particles in the plasma of animals kept on an atherogenic diet {1, 11} and in human patients
with atherosclerosis [38] is evidence of a disturbance of the activation of lipoprotein lipase by the physiological anti-
clotting systemn, and of the creation of conditions in the organism particularly favorable for the development of athero-
sclerosis and of intravascular thrombosis.

SUMMARY

Experiments were staged on 450 male albino rats. As established, a stable food lipemia was attained after
keeping the animals on a fatdiet(according to Wilgram [42,43]) for 8 months. The activity of lipoprotein plasma
lipase in such animals was half as compared to control animals which were given the usual laboratory ration. Intra-
venous injection of heparin led to considerable activation of lipoprotein lipase in experimental animals. However,
it did not reach the level attained in control animals after injection of the same doses of heparin. Intravenous in-
jection of thrombin to normal animals Jed to activation of lipoprotein lipase due to the appearance in the blood of
some excess of reflex-secreten heparin by the physiological anticoagulating system [4, 7, 10] in response to the ap-
pearance of thrombin in the circnlation.

Thus, the development of prethrombotic state in animals kept on a fatdiet was accompanied by reduction of
lipoprotein lipase activity due to deficiency of heparin and partially of the enzyme itself. A conclusion was drawn
that lipoprotein lipase was connected with the function of the physiological anticoagulating system.

LITERATURE CITED

1. G. G. Bazaz'yan, N. P, Sytina, G. V. Andreenko, et al. Byull. éksper. biol., 10, 26 (1961).
2. T. M. Kalishevskaya, B. I. Kotlyar, and B. A. Kudryashov. Byull. €ksper. biol., 7, 5 (1961).
3. B. A. Kudryashov and P. D, Ulytina, Nature, 1958, Vol. 182, p. 397,

4. B. A. Kudryashov, Nature, 1959, Vol. 184, p. 454.

5. B. A. Kudryashov, Vopr. med. khimiii, 1, 3 (1960)

6.  B. A, Kudryashov, Kardiologiya, 5, 7 (1961).

495



6. B. A. Kudryashov. Kardiologiya, 5, 7 (1961).
7. B. A. Kudryashov, G. V. Andreenko, G. G. Bazaz'yan, et al., Klin. med., 3, 19 (1961).
8. B. A. Kudryashov, G. V. Andreenko, G. G. Bazaz'yan, et al., Vestn. Moskovsk. Univ. Seriya 6. Biologiyé,
pochvovedenie, 2, 3 (1961).
9. B. A. Kudryashov.. In the book: Abstracts of Sectional Proceedings of the 5th International Biochemical Congress
[in Russian], Vol. 2, p. 175. Moscow, 1961.
10. B. A. Kudryashov, Thrombos. Diather. Haemorrh (Stuttg), 1961, Bd. 6, S. 371,
11. B. A. Kudryashov, G. G. Bazaz'yan, N. P. Sytina, et al., Nature, 1961, Vol. 189, p. 67.
12. B. A. Kudryashov and G. G. Bazaz'yan. In the book: Proceedings of the 14th Conference of Physiologists of
the Southern RSFSR [in Russian], p. 161. Krasnodar, 1962.
13. F. Bidwell.citing B.Biggs andR.G.MacFarlane, Human Blood Coagulation and its Disorders, Oxford, 1953.
14. B. Borgsttdm, Acta physiol. scand., 1952, Vol, 25, p. 328.
15, J. H. Bragdon, J. Lab. clin. Med., 1958, Vol. 52, p. 564.
16. M. Buckell and F. A, Elliott, Lancet, 1959, Vol. 1, p. 662.
17. H. B. Eiber and I. Danishefsky, Nature, 1957, Vol. 180, p. 1359.
18. H. Engelberg, J. Biol. Chem., 1956, Vol. 222, p. 601.
19. H. Engelberg, Proc. Soc. exp. Biol. (N. Y.), 1958, Vol. 97, p. 304.
20. J. W. Farquhar, T. C. Merigan, and M. Sokolow, J. exp. Med., 1961, Vol, 113, p. 587,
21. V. Felt and D. Reichl, Lancet, 1957, Vol. 1, p. 664.
22, Th. Gillman and S. 8. Naidoo, Nature, 1957, Vol. 179, p. 904.
23. J. Gormsen, Brit. J, Haemat., 1959, Vol. 5, p. 257.
24. H.B. W, Greig, Lancet, 1956, Vol. 2, p. 16.
25. H.B. W. Greig and I. A. Runde, Lancet, 1957, Vol. 2, p. 461.
26. H.B. W. Greig, Thrombolytic Activity and Related Phenomena, 1960, p. 252.
27.  A. Grigant, C. R. Soc, Biol., 1910, Vol. €8, p. 827.

28. M. I Grossman, J. Stadler, A. Cushing, et al., Proc. Soc. exp. Biol. (N. Y.), 1955, Vol. 88, p. 132.
29. M. L Grossman, L. Palm, G. H. Becker, et al., Proc. Soc. exp. Biol. (N. Y.), 1954, Vol. 87, p. 312,
30. P. F. Hahn, Science, 1943, Vol. 98, p. 19.

31. S. N. Jagannathan and C. Gopalan, Indian J. med. Res., 1960, Vol. 48, p. 756.

32. K.]J. Kingsbury and D, M. Morgan, Clin. Sci., 1957, Vol. 18, p. 589.

33. E. D. Korn, Science, 1954, Vol. 120, p. 399.

34. E. D. Korn, J. biol. Chem., 1957, Vol. 226, p. 827.

35. W. Logemann, Naturwissenschaften, 1957, Bd. 44, S. 423.

36. G. A. McDonald and H. W. Fullerton, Lancet, 1958, Vol. 2, p. 600.
L

31. . O. Pilgeram and D. M. Greenberg, Science, 1954, Vol. 120, p. 760

38. L. O. Pilgeram and L. C. Rose, Circulation, 1956, Vol. 14, p. 502,

39. L. O. Pilgeram and A, T. Tu, J. appl. Physiol., 1957, Vol. 11, p. 450.

40. D. S. Robinson and J. C. F. Poole, Quart. J. exp., Physiol., 1956, Vol. 41, p. 36.
41, R. F.Scott,K. Alousi, F. Goodale, et al., Arch. Path., 1961, Vol. 71, p. 714.

42. G. F. Wilgram, Proc. Soc. exp. Biol. (N. Y.), 1958, Vol. 99, p. 496.
43.  G. F. Wilgram, J. exp. Med., 1959, Vol. 109, p. 293.
44. LeRoyet al., J. Lab. clin. Med., 1950, Vol. 35, No. 3, p. 446.

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal.. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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