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ABSTRACT

In order to study the changes in the levels of serum HDL (high density lipoprotéin)
by hypovolemic shock due to hemorrhage, blood was withdrawn from five female
rabbits through a catheter inserted into an aortic arch via carotid artery. Three to
five milliliters of blood intermittently withdrawn, which accerelated the hemorrhagic
shock condition, were served for the lipid and lipoprotein analysis. During the experi-
mental period, the portal blood flow and mean blood pressure of aortic arch were
measured and Indocyamine green test (R15) performed frequently in the animals.
(1) The serum concentration of HDL-cholesterol and HDL-phospholipids (d.>>1. 063
which involves VHDL (very high density lipoprotein)-phospholipids) gradually decreased
and the total and LDL (low density lipoprotein)+ VLDL (very low density lipoprotein)-
cholesterol and phospholipids showed slight decreases immediately after the commence-
ment of experiment and kept almost constant thereafter.

(2) The magnitude of decrease in lipids was higher in HDL; than HDL, fraction,
and VHDL-phospholipids were not affected by hemorrhagic shock.

(3) The lipid and protein compositcon of HDL, revealed a singnificant decrease in
percent cholesterol and phospholipids accompanied by a relative increase in prrcent
protein and triglycerides, and that of HDL, showed no change in the serum 270 minutes
-after shock.

(4) Substantially high elevation of catecholamines, temporal increase in free fatty acid
and slight increase in serum triglycerides were observed during the experimental period.

The hemorrhagic shock seems to disturb the regulation of serum HDL levels and
its constituents.

and to fluctuate in accordance with many factors

INTRODUCTION such as smoking?, exercise?, alcohol®, diseases

HDL is found by many investigators to reduce (hepatic diseases® and diabetes mellitus®) and

in patients with atherosclerosis and to be in- drugs (hypotensive drug®, anti-epileptic drug?,
volved closely in the development of this dis- estrogen®, CPIB?, etc.).

ease. HDL is also found to be influenced by In addition, the serum HDL-level can be
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considered as regulated by the hepatic and
intestinal blood flow, becuase the majority of
HDL is synthesized in these organs.

In the present study, the serum HDL con-
centration was serially determined on the basis
of the measurements of portal blood flow during
the experimental hemorrhagic shock induced in
rabbits, in order to evaluate the effect of sudden
change in blood flow and concomittant addition-
al factors on the serum HDL-levels.

METHODS

Five 3-6 month old female rabbits, weighing
2200-3000 gr, were fed with a standard rabbit
chaw (Oriental Food Co., Japan) for at least
one week, after which 7m] of blood were
withdrawn from an ear artery at fast and
used as control serum (before hemorrhagic
shock) for a lipoprotein analysis. Immediately
after the intravenous injection of 40 mg/kg pen-
tobarbital-sodium, a 25 mm I D. vinyl catheter
was inserted through a carotid artery into the
aortic arch. Abdomen was opened and the
terminal of electromagnetic blood flowmeter
(Nihon Koden Kogyo Co., Ltd., Japan) was
placed around the portal vein. The outer end
of vinyl tube inserted into a carotid artery
was connected with a Stetham pressure tran-
sducer to measure the mean blood pressure.
Both the portal blood flow and mean blood
pressure were recorded by Siemens-Elma Min-
gography.

Withdrawal of 3-5ml blood was repeated
five times for 270 minutes until the termination
of the experiment. At the final blood with-
drawal, additional blood of 10 ml was collected
for comparison with 10ml blood initially

drawn by ultracentrifugal analysis of lipopro-.

tein. Serum total cholesterol was determined
by the method described by Allain et all®
The influence of free glycerine was avoided
by separation of triglyceride fraction by thin
layer chromatography, that is, 0.5ml serum
was added with 20 volume of Folich’s fluid?
(chloroform : methanol, 2:1, v/v), filtered
through No. 1 Toyo filter paper and after
adding water, shaken vigorously in the separa-
tion. funnel. After removal of the combined
layer of water and methanol, the solvent was
concentrated and developed on a Kiesel gel
thin layer chromatograph (Solvent system n-
Hexane : dimethyl ether : glycial acetic acid,

114 : 45 : 2, v/v). Triglycerides identified with
authentic tripalmitin was scraped, placed into
a test tube and determined by a Fletcher’s!®
method.

Phospholipids were determined by the modifi-
ed method of choline determination reported
by Takayama et al.l®

HDL-cholesterol'® and HDL-phospholipids!®
(which involved VHDL~phospholipids) were de-
termined by an enzyme method after precipita-
tion of LDL and VLDL fractions with poly-
anions!®, The LDL+ VLDL cholesterol (phos-
pholipids) concentration was obtained by sub-
tracting the HDL-cholesterol (phospholipids)
concentration from the total cholesterol (phos-
pholipids) concentration. Serum free fatty acids
were determined by an ACS-ACO enzyme
method!”, Determination of total protein!® in
HDL subfractions and catecholamine!?, and In-
docyamine green test (R15) were performed
during the experiment, Isolation and lipid de-
termination of HDL, HDL subfractions and
VHDL (d.>>1. 210) were performed as desribed
previously2%2,

To prevent the effect of blood dilution on
the serum lipid levels, the serum lipid concentra-
tions were corrected with the aid of hematocrit
before and during withdrawal of blood.

min

j€¢——10m] Preoperative blood withdrawal

j€—40mg/kgPentobarbital-Na anesthesia

je——Carotid artery catheterization

Start j€==~=Qpening of abdominal wall and portal bloodflow
30}«—ICG(R,s)y meter terminal installation

% portal bloodflow recording

150}&—ICG (R,;)/ blood pressure recording
3~5ml blood withdrawal

210}

270}€«—ICG(Rys)/ Additional 10ml blood withdrawal

Fig. 1. Experimental procedure for hemorrhagic
shock

RESULTS

(1) Portal blood flow, mean blood pressure
and ICG (R15) before and during hemorrhagic
shock:

As shown in Figure 2, the portal blood
flow dropped immediately after blood withdraw-
wal and kept decreasing thereafter. The mean
blood pressure also lowered with an elevation
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BP bloodflow ICG-R;;s
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e—e bloodflow s—amean blood pressure
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Fig. 2. Bloodflow in portal vein, Mean blood
pressure in Aortic and ICG-Ry; before and during
hemorrhagic shock

of ICG (R15), showing the serial decrease in
blood flow of the liver and other organs as
a result of repeated blood withdrawal.

(2) Total cholesterol, HDL-cholesterol and
LDL+VLDL-cholesterol before and after hem-
orrhagic shock:

As shown in Figure 3, total cholesterol con-
siderably decreased after 30 minutes, then kept
a moderate decrase until 150 minutes but re-
vealed no change thereafter. HDL-cholesterol
kept a gradual decrease until the end of the
experiment. LDL-+ VLDL-cholesterol showed
the parallel change with total cholesterol,

(3) Total phospholipids, HDL-phospholipids
(d.>1.063) and LDL+VLDL-phospholipids
befor and after hemorrhagic shock:

mg/dl
60

(1] I . i

before 30 20 150 210 270 min
o—eoTotal cholesterol &—aL.DL+ VLDL-cholesterol
o—8 HDL-cholesterol

statistically significant %P <0.05

Fig. 3. Total cholesterol, LDL+VLDL-choles-
terol and HDL-choletberdl before and during
hemorrhagic shock

As shown in Figure 4, the decreases in total
phospholipids and HDL-phospholipids parallel-
ed. LDL+ VLDL-phospholipids showed an a-
cute decrease after 30 minutes as seen in
LDL+VLDL~cholesterol and kept on almost
the constant level thereafter.

mg/dl
100}

- M=SD

ol x i .
before 30 90 150 210 270min
e—eTotal phospholipids 4—a LDL+ VLDL-~phospholipids
#—a HDL.-phospholipids

statistically significant % P<0.01

Fig. 4. Total phospholipids, LDL+ VLDL-phos-
pholipids and HDL-phospholipids before and during
hemorrhagic shock

Nl

(4) The effect of hemorrhagic shock on chol-
esterol and phospholids in HDL subfractions
and VHDL fraction:

Table 1 lists the changes in cholesterol and
phospholipids in HDL,, HDL; and VHDL frac-
tions before and 270 minutes after serial with-
drawal of blood.

Cholesterol and phospholipids in HDL, sub-
fraction were significantly decreased, while it
was phospholipids alone that was significantly
decreased in HDL; subfraction. On the other
hand, VHDL-phospholipids showed no re-
markable change. The magnitude of decrease
in the two lipids was predominantly higher
in HDL, than HDLs,.

Table 1. Cholesterol and phospholipids in HDL
subfractions, VHDL and HDL before and 270
minutes after hemorrhagic shock (mg/dl)

HDL, HDL, VHDL HDL

C PL C PL PL Cc PL

59 2.7 25.2 5.1 2.0 320 8.0
Before
+ 162 | +4.61| 814 | £14.04 [ £1L.10 | +10.10 | £15.10
-P<0. 014-P<0. 05 -P<0. 05 -P<0. 05—P<0.05-

2.4 3.8 17.2 35.1 25.3 19.5 64.5

After
i

+ 100 | £1L01| 362 £82%|£653| 28} & 661

C : Cholesterol
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(5) The effect of hemorrhagic shock on per-
cent composition of lipids and total protein in
HDL subfractions:

The percent composition of lipids and total
protein in HDL, and HDL; subfractions before
and 270 minutes after serial withdrawal of blood
is shown in Figure 5.

Approximately one half of HDL, was com-
posed of protein with the other half consisting
of phospholipids, triglycerides and cholesterol
before blood withdrawal but serial withdrawal
of blood caused an apparent decrease in the
amounts of cholesterol and phospholipids of
HDL, with the result of relative increase in
total protein and triglycerides.

HDL, contained much larger amount of total
protein than HDL; and serial blood withdrawal
did not result in a change in the composition.

HDL., p HDL, ;
after atter
—_ before B Omin bef‘ge 270min

cholesterol

%
Phospholipids %}
_

Triglyserides 'iQ_Q

Protein

% P<0.01 % % P<0.001 statistically significant between
percent compositions before and 270minutes after
hemorrhagic shock

Fig. 5. Composition of HDL subfractions before
and 270 minutes after hemorrhagic shock

(6) Serum triglycerides, free fatty acids and
catecholamines before and during hemorrhagic
shock:

As shown in Figure 6, a slight increase
occurred in serum triglycerides. There was an
acute elevation of free fatty acids reaching more
than double after 30 minutes with a slight
decline after 150 minutes and maintaining a
higher level until 270 minutes than what it
had been before shock.

Catecholamines increased immediately and
further rapid elevation was observed at 150 mi-
nutes. The increase continued until the end
of the experiment. As shown in Figure 7,
adrenaline showed a gradual and substantial
increase. On the other hand, noradreanline
showed a minumum increase until 210 minutes,

Triglycerides FFA
mg/dl H#Eq/1
200t 41000
100 1500

1] E— . ) 2 ) 0
before 30 90 150 210 270 min,

o—e Triglycerides —a FFA
Fig. 6. Serum Triglycerides and FFA before
and during hemorrhagic shock

mg/dl
T >10
10}
5 b
M+SD
S efore 30 0 150 210 2/0min

»—a Adrenaline @ Noradrenaline
Fig. 7. Catecholamines (Adrenaline and Nora
drenaline) before and during hemorrhagic shock

after when it turned up with a steep increase,
attaining almost the same level as adrenaline
at 270 minutes.

DISCUSSION

Eighteen patients suffering from ischemic cer-
ebrogascular disorders were encountered, in
whom the HDL-cholesterol level that had been
examined several times prior to strokes had
mostly proven already below the normal level
before the stroke and had further proven by
comparative examination much lower imme-
diately (24 hours) after the stroke than before??.

It was speculated, therefore, that the lowered
serum HDL-cholesterol level accelerates the de-
velopment of atherosclerosis in these patients
and there exists a new different factor(s) that
causes an additional decrease in HDL-chol-
esterol during the stroke. Various factors, i. e.,
nutrition, shock due to abnormal cardiopulmo-
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nary systems, and consequent hepatic and intes-
tinal circulatory disturbance, may contribute
to fluctuations of the serum HDL levels during
stroke. However, it is hardly conceivable that
the nutritional factor can be involved in the
HDL level, because blood was withdrawn from
18 patients within 24 hours after the stroke
and the nutrititional factor exerts more influence
on LDL and VLDL than on HDL-2%, [t
has been well known that many investigators
are interested in the nutritional factor as an
important sourse of hyper-LDL and VLDL
emias.

In the present study the serial analyses were
made of HDL and its subfractions including
VHDL in rabbits before and after hemorrhagic
shock as a factor that may contribute to the
rapid fluctuation of HDL levels in a blood
stream with serial measurement of the portal
blood flow, mean blood pressure and ICG (R15).
The portal blood flow rate seems to represent
not only the fluctuation of hepatic blood flow
but also of intestinal flow. The gradual de-
crease in serum cholesterol and phospholipids
was observed, but LDL+ VLDL-cholesterol and
phospholipids were not so much affected as
compared with HDL-cholesterol and phospho-
lipids, indicating that the changes were limited
to HDL fraction alone occurring in serum
during hemorrhagic shock caused by repeated
withdrawal of blood in rabbits.

HDL was also subdivided into HDL, and
HDL,, and when LDL and VLDL were precip-
itated by polyanions, supernatant-phospholipids
(HDL-phospholipids) contained not only HDL,
and HDL; but also VHDL phospholipids. The
present study revealed in the hemorrhagic shock
the largest decrease of cholesterol and phospho-
lipids in HDL, and moderate in HDL,.

There was no remarkable change in VHDL-
phospholipids. Earlier studies showed a prom-
inent decrease of cholesterol and phospholipids
in HDL; as compared with HDL; in chronic
hepatitis and liver cirrhosis, and also a decrease
of VHDL-phospholipids in the advanced stage
of these diseases?”, Therefore, the lowered
HDL caused by the decreased blood flow of
the liver and other organs may have entirely
different constituents of HDL and VHDL sub-
fractions from those due to chronic hepatic
diseases.

The lowered portal blood flow can be esti-

mated to decrease the hepatic synthesis of HDL
and its efflux into a blood stream, resulting
in the reduction of serum HDL level. However,
it is impossible to conclude in the present
experiment that the lowered serum HDL is
caused only by the reduced blood flow of liver
and intestine. Other question may arise in
relation to the metabolic turnover rate of HDL
in man and rats. It was reported by Gitlin?®,
Scanu?” and Furman?® that the half-life period
of 1%][-jodinated human HDL was 3.5-4. 8 days
in human beings and those of apo A-I and
apo A-II were only 13 and 9 hours respectively
in rats. This indicates, therefore, the presence
of different metabolic pathways between them
in rats, while it was 5. 8 days in man. Schaeffer
et al.’® described that the average retention
period of HDL was 5. 21, 3. 41 and 0. 52 days in
healthy subjects, heterozygote and homozygote
of Tangier’s disease.

It can be concluded, therefore, that the meta-
bolic turnover rate of HDL largely differs a-
mong species and varies depending on patholog-
ical states. Although the turnover rate in rab-
bits was not determined in this experiment,
the decrease in HDL 270 minutes after hemor-
rhagic shock in rabbits was so short when
compared with that in rats estimated from
the turnover rate of apo A-II (9 hours). Fur-
ther investigation is necessary to solve this
problem.

Moreover, cholesterol and phospholipids in
HDL, were differentially decreased with the
result of relative increase in triglycerides and
total protein after serial withdrawal of blood.
This fact indicates that HDL, not only loses
the number of lipoprotein particles but also
incurs changes in its constituents and that the
selective decrease in cholesterol and phospho-
lipids brought on an additional decrease in the
serum HDL-cholesterol and HDL-phospholipid
levels, as compared with the decrase in HDL,
lipoprotein particles alone. Contrary to HDL,,
HDL; displayed no constitutional change but
a decrease only in the number of lipoprotein
particles.

VHDL-phospholipids which were involved in
HDL-phospholipids by the present analytical
procedure, was reported to be lowered in pa-
tients with ischemic cerebrovascular diseases
of steady state?’ but did not alter in rabbits
under hemorrhagic shock. These results justi-
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fies the speculation that the decreased blood
flow of the liver and other organs contributes
to the fluctuation of serum HDL level but
the changes differ from those seen in other
parenchymal disorders of the liver and cere-
brovascular diseases in steady state in the
lipoprotein constituents.

The present experiment was not designed to
clarify whether the increase in catecholamine
and free fatty acids, generally seen in shock,
co-exists with the decrease in HDL or is related
in some respects to the decrease in HDL in
serum of these animals.

REFERENCES

1) Hulley, S., Ashman, P., Kuller, L., Lasser, N,
and Sherwin, R.: HDL cholesterol levels in
the multiple risk factor intervention trial
(MRFIT), by the MRFIT research group.
Lipids, 14, 119-123, 1979.

2) Lehtonen, A. and Viikari, J.: Serum triglycerides
and cholesterol and serum high-density lipoprotein
cholesterol in highly physically active men. Acta
Med Scan., 204, 111-114, 1978,

3) Johansson, B.G. and Laurell, C, B.: Disorders of
serum a-lipoproteins after alcoholic intoxication,
J. Clin. Lab. Invest, 23, 231-234, 1969.

4) Thalassions, N., Hatzioannous, J, and Scliros, P.:
Plasma alpha-lipoprotein pattern in acute viral
hepatitis. Digestive Disease, 20, 148-155, 1975,

5) Reckless, J. P. D, Betteridge, D. J., Wu, P., Payne,
B. and Galton, D. J.: High-density and low-density
lipoproteins and prevalence of vascular diseases
in diabetes mellitus, British Med. J., 1, 883-886,
1978.

6) Helgeland, A., Hjermann, I. and Leren, P.: High
density lipoprotein cholesterol and antihyperten-
sive drugs.: the Oslo study, British Med, J., II.,
403, 1978.

7) Nikkils, E.A., Kaste, M, Ehnholm, E. and
Viikari, J.: Elevation of high-density lipoprotein
in Epileptic patients treated with phenyton. Acta
Med. Scand., 204, 517-520, 1978.

8) Appeldaum, DM, Goldberg, A.P., Pybilisto, D.

J., Brunzel, J.D. and Hazzard, W.H.: Effect of

estrogen on postheparin lypolytic activity: Selec-

tive decline in hepatic triglyceride lipase. J. Clin,

Invest., 59, 601-608, 1977.

Nichols, A.V., Strisower, E,H., Lindgren, F. T.,

Adamson, G. L. and Coggiola, E.L.: Analysis of

change in ultracentrifugal lipoprotein profiles

following heparin and ethyl-p-chlorphenoxyiso-

butyrate administration, Clin, Chim, Acta, 20,

277-283, 1968,

10) Allain, C.C, Poon, L. S, and Chan, C.S,: En-
zymatic determination of total serum cholesterol.

9

~—

Chim. Chem., 20, 470-475, 1974,

11) Folch, J. and Lees, M.: Proteolipides, new type of
tissue lipoproteins: their isolation from brain.
J. Biol. Chem., 191, 807-817, 1951,

12) Fletcher, M. J.: Colorimetric method for estima-
ting serum triglycerides. Clin, Chim. Acta, 22,
393-397, 1968.

13) Takayama, S, Ito, S., Mori, A., Nagasaki, H.,
Tanimizu, K., Horiuchi, Y., Imamura, S. and
Ikuta, S.: Enzyme method for the determination
of choline, Japanese J. Clin, Path, 24 (Spple),
461, 1976 (Abst).

14) Kaliyama, G., Oyamada, K., Takata, K., Nakaga-
wa, M., Horiuchi, I. and Miyoshi, A.: Change
in serum lipids and lipoproteins with age in
patients with atherosclerosis—with special refer-
ence to the transition of HDL-fraction, Medical
J. Hiroshima University, 28, 577-590, 1980. (Jap.)

15) Kaliyama, G., Mizuno, T., Matsuura, C. Yamada,
K., Suzukawa, M., Fuliyama, M. and Miyoshi,
A.: The lowered serum phospholipids in a-
lipoprotein in patients with atherosclerosis. Hiro-
shima J. Med. Sci., 23, 229-236, 1974.

16) Burstein, M., Scholnick, H. R, and Morfin, R.:
Rapid method for the isolation of lipoproteins
from human serum by precipitation with poly-
anions, J. Lipid Res,, 11, 583-595, 1970.

17) Mizuno, K., Toyosato, M., Yabumoto, S., Tanimi-
zu, 1. and Hirakawa, H.: A new enzymatic method
for colorimetric determination of free fatty acid.
Analytical Biochem., 108, 6-10, 1980.

18) Mizuno, E., Nishina, T. and Kitamura, M.: serum
total protein determination improved with Teepol
AB-36, Jap. J. Clin. Path.,, XIX, 427-430, 1971
(Jap.)

19) Merrills, R. J.: A semiautomatic methods for de-
termination of cathecholamines, Analytical Bio-
chem., 6, 272-282, 1963,

20) Kaliyama, G., Takata, K., Horiuchi, I, Oyamada,
K. and Miyoshi, A.: HDL and its subfractions
in patients with chronic liver diseases. (Unpub-
lished data).

21) Kaliyama, G., Nakagawa, M., Takata, K., Nakao,
S. and Miyoshi, A.: Determination of cholesterol
and phospholipids in HDL;, HDL; and VHDL,
Hiroshima J. Med. Sci. (in press)

22) Kaliyama, G., Kawamoto, T., Kubota, S., Miyoshi,
A., Yamada, K. and Nakagawa, M.: HDL-cho-
lesterol levels in patients with ischemic cerebro-
vascular disorders before and after suffering ap-
oplectic strokes. Japanese J. Geriatrics, 17, 595-
600, 1980 (Abstract English)

23) Conner, W.E.: Hyperlipidemia, Diagnosis and
Therapy (p. 281) Ed. by Rifkind, B.M. & Levy,
R. I, Grune and Statton, New York, 1977,

24) Flynn, M. A,, Nolph, G. B, Flynn, T. C., Kahrs,
R. and Krause, G.: Effect of dietary egg on human
serum cholesterol and triglycerides. Am. J. Clin.



25)

26)

27)

Effect of Hemorrhagic Shock on HDL 261

Nutr,, 32, 1051-1057, 1979.

Mahley, R, W., Innerarity, T.L., Bersot, T.P,
Lipson, A. and Margolis, S.: Alternation’in hu-
man high-density lipoproteins, with or without
increased plasma-cholesterol induced by diets high
in cholesterol. Lencet, II, 807-809, 1978.

Gitlin, D., Cornwell, Nakasato, D., Oncley, L.,
Hughes, W. L. and Janeway, C.: Studies on the
metabolism of plasma proteins in the nephrotic
syndrome, II. The lipoproteins, J. Clin. Invest,,
27, 172-184, 1958.

Scanu, A. and Hughes, W. L.: Further characteri-
zation of the human serum d. 1.063-1.21, ay-
lipoproteins, J. Clin. Invest., 41, 1681-1689, 1962.

28) Furman, R. H,, Sanbar, S, S., Alaupovic, P., Brad-

29)

30)

ford, R.H. and Howard, R.P.: Studies on the
metabolism of radioiodinated human serum alpha
lipoprotein in normal and hyperlipidemic subjects.
J. Lab. Clin. Med., 63, 193-204, 1964,

Eisenberg, S., Windmueller, H, G, and Levy, R, L:
Metabolic fate of rat and human lipoprotein ap-
proteins in the rat. J. Lipid. Res.,, 14, 446-458,
1973.

Schaeffer, E. J., Blum, C.B,, Levy, R. L, Jenkins,
L.L., Alaupovic, P., Foster, D.M. and Brewer,
H.B.: Metabolism of high-density lipoprotein
apoproteins in Tangier disease, New Engl. I
Med., 299, 905-910, 1978,



