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Effect of Nicotine on Plasma Cholesterol Level in Spontaneously Hypertensive Rats

Ho Choong Yoo, Sang Don Koh, Hong Kee Shin and Kee Soon Kim

Department of Physiology, College of Medicine, Hanyang University

The present study was undertaken to find out fasting total plasma cholesterol levels of SHR
at different phases (labile, established and malignant) in the course of hypertension development

and also to investigate effect of nicotine on plasma cholesterol levels of these animals. In

nicotine administered group, 2.18 mg/kg nicotine was given daily for six weeks.

obtained are as follows;

The results

1) Mean total plasma cholesterol levels of SHR at labile, established and malignant phases
were 104, 643.1 mg/dl, 120.8-+2.6 mg/dl and 136.6+2.5 mg/dl respectively. The total plasma
cholesterol level generally increased with age of experimental animals.

2) After administration of nicotine (2.18 mg/kg/day) for six weeks, mean total plasma
cholesterol levels of SHR at labile, established and malignant phases were 130.2-+3.1mg/dl,
150.4+3.3mg/dl and 166.64-3.2 mg/dl, respectively. The result of present study strongly
suggests that nicotine has a positive relationship with plasma cholesterol levels in SHR.
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Fig. 1. Changes in total plasma cholesterol levels of SHR after nicotine(2.18 mg/kg/day) administration

for six weeks.

Table 1. Total plasma cholesterol levels of SHR
(spontaneously hypertensive rat) at labile,
established and malignant phases

Cholesterol (mg/dl)
animal phases
number Labile Established Malignant
1 90.0 138.0 124.0
2 90.5 122.0 124.0
3 103.3 . 108.6 130.5
4 114.2 124.6 143.2
5 119.8 108.6 143.3
6 108.8 123.5 146.0
7 102.4 117.5 135.0
8 106.4 . 125.6 148.2
9 105.4 120.0 127.3
10 104.5 119.5 138.7
Mean+SE 104.6+3.1 120.8£2.6 136.61+2.5

Nicotine £0qjoff 2|3t &%t cholesterol 52| HE:

AE 103, 205 8 40F7 Hol myokgas, n

2y 2 el F7F HolE SHRe 652 =i
A% kgw 2.18mg¢ nicotine& FJFT F WP
cholesterol ¢ ¥=& &A% Asbe & 29F 29 1d
A B kel b

za ¢k A Fd glelA T ¥ cholesterol 5-X

Table 2. Total plasma cholesterol levels following
6 weeks administration of nicotine in SHR.

Plasma cholesterol (mg/dl)

animal phases
number Labile Established Malignant
1 106.6 143.3 163.2
2 141.6 136.6 176.6
3 127.5 156.6 183.2
4 126.6 143.2 156.7
5 '138.6 163.4 163.4
6 139.3 151.5 166.5
7 128.4 154.2 150.3
8 124. 4 138.6 156.6
9 135.4 165. 4 173.3
10 133.6 150. 2 176.4
Mean+SE 130.2-3.1 150.43.3 166.623.2

.243.1mg/dl 24 nicotine & Ko A oo
o &7 ] sF ¥4 cholesterol x5, 104.613.1mg/
dle} vl @m3te s%z{ (P<0.001) 3HAl =3kt

=3t J—ﬁﬁl? ol g SHR Y AF 8
Z cholesterol %5_1‘5 150.4+3.3 mg/dl 24 2T
8] 120.842.6 mg/dlo] wl@ated A AAT Fels} ,yl
&®a) o})z} nicotine & T ¥ A} WY T ¢
2l A& 5-0] (P<0.001) § Aol 7k Q2 AT ‘1'*

nicotine -&

— 140 —



—) g4 =] 3] )

A et

oFAd Foll AL nicotine T4 F BF A A cholesterol
F%5} 166.6+3.2 mg/dl ¢] ¢l &5 o] & nicotine & &
A &2 W 2T 136.6+2.5mg/dl o ] L3l
o A (P<0.001) & Fo] 7k glod, 2z Y
7l nicotine & Feiqt F3 @I qAE $9 (PL
0.02) Al A5 dSE & ot A

o -y

Fadol Abste] AL At 890 € 5 e
Aol g-elaslel A g 2AlE o FE AL ot
= 1960 el FEgt wejalel. AAlel A8 nicotine
9 gl B AT 4PsAIE A= AL FQ
] qlAle) wlxE JTFE THIHA HF =g w3y
oleh s

18894 Langley ¢} Dickinsono] &2 a4
gAY AAAN FEpE A4S
HR R 2574 @7 #2470 nicotine o] A&
THE 42 FHA%E & 5o dEh AFAA B
A nicotine & ofe] A 42 F riokile sl&d)
AHEE plRdd SRR, d445E, YT, o
hematocrit x]¢] o] 25 7}z e Qeldhadq W
(variables)ol] J&-& mlAvte FHE o, Fa
T A Fgakd FES Loiw oes 2eh b
HE29 Aol gle] A wpB~DE g7 ok o 1 nicotine
< A 29EE UM Bt g ol F
L2 ZTdd 3]55 o] hunger contraction¢] £4x
-53_ ]
ot

nicotine -

2% X9 hyperglycemia =

Nicotine & #5417 ¢l zH&sle] Hsje wx
ADH &) 3] 4220, 2848 AR ol A, A
a4 784 4EE g g,

X3} nicotine & ] FFof| 4L chemoreceptor & =}
Fod TELEE SAANAAY 2EEAAE EFE
o =hal g Zelste] 2~38uld] SBR[ Abgg A
A7 ha gREpS 88982 2317] A Fof u] 2] nicotine
o FFE ZAT A TAAE An dddos Ag
2 gre] ASrie BFo] L2 L 4uln] g},

% nicotine & P4Te] $A L FABWeY @
B ST A g &SN Balolhel ol FY I
PAk-zHof| 4] atherosclerosis & dosjr 2 14 Al
Ao fusE A Ayl ek A e~ A

=

WA P el

2,9,10),

—

o, o

1

: A 164 A 23 1982—

2R e Fd-E AV 4 5Fo nicotine & F
o gtel Al el W o &6 28 cholesterol & ¥
=7t Frbket e o TR R0 8 s g v

@} cholesterol ¥X.9} atherosclerosis 7bel] AbatA]
of Aowso, = RIS AP Y] T &4
A& sk atherosclerosis & o wre] &3l Qvps A
.3}]55~57)5 aEL_g_g] ?d"/]-

1963w Okamoto &} Aoki®»7} Ruj4d magte %
FEEUEA A B4 TPAE ALl ol
o] 8 FERYSDE] HuFEg o o|F FE]
A 15&°&°I YAE = 7oz Aabdf A7t e 5 %)
gk Aol Akdeleh. e} 3 SHRoAE v
E 8 Ak A gt AAdw e Abo] st gl
e A FASET] Las g

SHR o] 4= 4449 & A cholesterol & SEL W&
L} triacylglycerol 51 f-8] 3] uF4LE) HELE 038 =
e FR0E glow, £& AR X ko]t chole-
sterol &8 ZAstm 24 Al hypercholesterole-
mia®”1} arteriolipidosis’® & $-wrsl= SHR ¢ &£
(strain) & Rel &3l 4 Fgvte BoE Yol

£ Ao 2N 2 A4 myshigs), 28
471 & 4sle 9= SHR ¥ ¥3 & chole-
sterol 8] s=7} 22 104.643.1mg/dl, 120.8+2.6
mg/dl ¥ 136.642.5 mg/dl o]gk= A2 SHR o] A
3y st weh, & dge] S74¢4% chole-
sterol 327+ S8l Adke] 94L& Al4tgcin
Ak

e & d79 Az SHRAOA = zhgd A9
cholesterol g4 59 52 13l &3 cholesterol
FTE7F b e s dele Iritani®e] o TAsfel=
g x| 8k ok ghet,

Iritani®e =474 o TRIAE 24d 2oy o
A TAHEYSH®, dfPAstel JAH A oh)sie, ol
cholesterol 244l o4 FTEL A4 }7HY
ahelol] Z1al® Helzha stgiel

£ d7elA w4 2.18 mg/kg ¢} nicotine & 653+
g nYEY T, LT Y 44T SHR 44
¥ & cholesterol &) FE= Zz 130.243.1mg/
dl, 150.443.3mg/dl % 166.6+3.2mg/dl 24 Ey
%) nicotine & Hodahal ¥ e YWY f T

sl gked f-2] (P<C0.001) 3H7) =9ko ™, nicotine Fof &

Aol AE dHd W& FAE B 7 A

£ d79 Z32 e nicotine & Hus) SHR 9
>} & cholesterol 555 A7l Eabo) gl-&e

o

g

— 141 —



—Hig
2.8 v} nicotine o] ] 3}ed ¥ A cholesterol
& e £ A7 2F2RE oA g
ek 299 stk @ o+ glexld FEstd
o 3= WY 7k Al

= g

zHEt 449 2] (phase), F LI
(labile phase), 1.8 9}~| (established phase) I o}4
7] (malignant phase)sl} glo] SHR Y A4l &2 &
cholesterol ¢} ZE9} E=5k o7l u]x]=
F3Fe TRtz 4F 165, 265 ¥ 46579 SHR
oF 4F 105, 205 ¥ 40FEFE 652 A4 2.18
mg/kg/day 2] nicotine -2 HF 3 ¢ SHRo 4 &
2 & cholesterol &] FE & &3 3te] wlasle R
gk 2 AshE A9

1) mYPeaA, 28 ¥ F476l Y& SHR
o] 338 A & cholesterol & FE+ 27 104.6-3.1
mg/dl, 120.8+2.6mg/dl ¥ 136.6+2.5mg/dl 24
Aol Fsel 94z P cholesterol | FEE 7}y
sk

2) w19 2.18 mg/kg ¢ nicotine & 657 F3 1
Hobug ¥, 14T ¥ 94T SHR 9 ¥4 F cho-
lesterol FE8 FF & 47 130. 243. 1 meg/dl, 150.4
+3.3mz/dl 2 166.613.2 mg/dl 24} nicotine & &
3l @& &l viske {2 (P<0.001) 3HA] E9k
o= K% nicotine Fo FAAE dFe] w& Fo] &

nicotine 2]

1 2

1) Spoar, U,,X. Hofmann, W. Steck, J. Harenberg,
E. Walter, N. Hengen, J. Augustin, H. Morl,
A. Koch, A. Horsch and F. Weber: Evaluation

effects on sympathetic,
hemodynamic and metabolic with
respact to plasma micotine and COHDb levels.
Aiherosclerosis, 88:271, 1979.

9) Hall, G.H.: Ejffecis of mnicotine and tabacco

soke on the electrical activity of the cerevral

of smoking-induced

variables

cortex and olfactory bulb. Br. J. Pharmac., 38:
271, 1970.
3) Langley, J.N. and W.L. Dickinson: O the local

paralysis of peripheral ganglia, and on the

4)

6)

7)

8)

& JF 3A : Nicotine of] 2] ¢ HEMEFMESRY 3 Cholesterol FxE¢ H5—

connexion of different classes of nerve fibers
with them. Proc. Roy. Soc. Londons B., 46:
428, 1889.
Mitchell, R.I:
smoking particle retention in respiratory tract.
Am. [J. Resp. Dis., 85:526, 1962.

Isaac, P.F. and M.S. Rard: Cigarette smoking
286:

Controlled measurement of

and plasma levels of mnicotine. Nature,
308, 1972.

Volle, R.V. and G.B. Koelle: Ganglionic stimu-
lating and bolcking agents. In; Goodman, L.S.
and A. Gilman, The pharmacological basis of
therapeutics. p. 589, 1970.

Hauser, H., B.E. Schwarz, G. Roth and R.G.
Bickford:
related to smoking. Electroenceph. Clin. Neuro-
physiol., 10:576, 1958.

Wechsler, R.L.: Effects of cigarette smoking

Electroencephalographic  changes

and intravenous nicotine on the human brain.

" Fed. Proc., 17:169, 1958.

9)

10)

11)

12)

13)

14)

— 142 —

Murphree, H.B., C.C. Pfeiffer and L.M. Price:
Electroencephalographic changes in man follo-
wing smoking. Ann. N.Y. Acad Sci., 142:275,
1967.

Brown, B. B.: Some characteristic EEG differe-
nces between heavy smoker and nown-smoker
subjects. Neuropsychologia, 6:581, 1968.
Dunlop, C.W., C. Stumpf, D.S. Maxwell and
W. Schimdler: Modification of cortical, reticular
and hippocampal unit activity by nicotine in the
rabbit. Am. J. Physiol., 198:515, 1960.
Armitage, A K., G.H. Hall and C.M. Sellers:
Effects of nicotine on electrocortical activity and
acetylcholine release from the cat cerebral
cortex. Br. J. Pharmac., 85:152, 1969.
Boyle, M.N., R. Wegria, R.T. Cathcart, J.L.
Nickerson and R.L. Levy: Effect of intravenous
injection of nicotine on the circulation-In normal
persons and in patiemts with caerdiovascular
disease. Am. Heart J., 34:65, 1947.
Kingsburg, K.J. and R.]J. Jarett: Effects of
adrenaline and of smoking in patients with
disease.

peripheral atherosclerotic vascular

Lancet, 2:22, 1967.



15)

16

Pl

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

—o] g el @8] X : A 169 A 25 1982—

Billimoria, J.D., H. Pozner, B. Metselaar, F.W.
Best and C.O. James: Effect of cigarette smo-
king on lipids, lipoproteins, blood coagulation,
fibrinolysis and cellular components of human
blood. Atherosclerosis, 21:61, 1975.

Rheder, K. and G.M. Roth: Effect of smoking
on the fasting blood sugar and pressor amines.
Circulation, 20:224, 1958.

Milton, A.S.: The effect of nicotine on blood
glucose levels and plasma nonesterified faity
acid levels in the intact and adrenalectomized
cat. Br. J. Pharmac., 26:256, 1966.
Murchison, L.E., T. Foyfe: Effects of cigarette
smoking on serum lipids, blood glucose and
platelet adhesivemess. Lancet, 2:182, 1966.
Dales, L.G., G.D. Friedman, A.B. Siegelaub and
C.C. Seltzer:
chemistry tests. J. Chron. Dis., 27:298, 1974.
Ayres, S.M., S. Gianelli and H. Muller: Myo-

cardial and systemic responses to carboxyhemo-

Cigarette smoking and serum

globin. Ann. N.Y. Acad. Sci., 174:268, 1970.
Burn, J.H., L.H. Truelove and 1. Burn: Antid-
furetic action of nicotine and of smoking. Br.
Med. J., 1:408, 1945.

Bisset, G.W.: Vasopressin release by nicotine:
The site of action. Br. J. Pharmac., 54:468,
1975.

Mandel, W.J., M. Laks, H. Hayakawa, K.
Obayashi and A. McCullen:
effects of nicotine in the conscious dog. Mod-
ification by changes in autonomic tone. Am. J.
Cardiol., 52:947, 1973.

Porsius, A.]J. and P.A. Van Zweiten: Central
action of some cholinergic drugs(Aracaidine

Cardivascular

esters) and nicotine on blood pressure and heart
rate of cats. Prog. Brain Res., 47:181, 1977.
Mathes, P. and J. Rival: The effect of nicotine
on the regional blood flow in the canine heart.
Proc. Soc. Exp. Biol. Med., 188:26, 1971.

Westfall, T.C.: Influence of propranolol on
hemodynamic changes and plasma catecholamine
levels following cigaritte smoking and nicotine.
Proc. Soc. Exp. Biol. Med., 128:174, 1966.

Armitage, A.K. and G.H. Hall: Effects of

28

=

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

— 143 —

nicotine on the systemic blood pressure when
injected into the cerebral ventricles of cats.
Int. J. Neuropharmac., 6:148, 1967.
Wenzel, D.G., N. Azmeh and 1.J. Clark: Stu-
dies on the acute and chronic depressor actions
of nicotine in the rat. Arch. Int. Pharmacodyn.
193:28, 1971.

Wenzel, D.G. and N. Azmeh: Chronically
administered nicotine and the blood pressure of
normotensive and renal hypertensive rats. Arch.
Int. Pharmacodyn.» 187:867, 1970.
Pradham, S.N., LC. Bhattacharya and K.S.
Atkinson: The effects of intraventricular adm-
inistration of wnicotine on blood pressure and
some somatic reflexes. Ann. N.Y. Acad. Sci.,
142:50, 1967.

Aronow, W.S., J. Dendinger, and S.N. Rokaw:
Heart rate and carbon monoxide level after
smoking high-, low-, and non-nicotine cigarettes.
Ann., Inter. Med., 74:697, 1971.

Hall, G.H. and E. Reit: Analysis of some central
actions of micotine injected into the cerebral
ventricles of cats. J. Physiol.(London), 185:
400, 1966.

Ashby, P.,, A.M. Dalby and J.H.D. Millar:
Smoking and platelet stickiness. Lancet, 24:
158, 1965.

Glynn, M.F., J.F. Mustard, M.R. Buchanan and
E.A. Murphy: Cigarette smoking an4 platelet
aggregation. J. Canad. Med. Ass., 95:549,
1966.

Wenzel, D.G. and ]J. Singh: Effect of nicotine
and epinephrine on in vivo coagulation time in
rabbits. J. Pharmaceut. Sci., 51:875, 1962..
Ambrus, J.L. and 1.E. Mink: Effect of ciga-
rette smoking on blood coagulation. J. Pharma-
col. Exp. Ther., 8:428, 1964.

H. and J.D. Billimoria: Effect of
smoking on blood clotting and lipid -and lipop-
rotein levels. Lancet, 20:1818, 1970.

"Pozner,

Levine, P.H.: An acute effect of cigarette
smoking on platelets function. A possible line
arterial thrombosis.

Circulation, 48:612, 1973.

between smoking and



39)

40

=

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

—MI¥HE 4 A : Nicotine o] o) & HZUFMAHRRY #3 Cholesterol FE] W F—

Brinson, K.: Effect of mnicotine on human
blood pldtelets aggregation. Atherosclerosis,
20:187, 1974.

Brin‘son,‘K.. and B.K. Chakrabart: Effect of
nicotine on rabbit blood platelet aggregzzt’z'on.
Atherosclerosis, 20:527, 1974.

Stamler, J .': Cigarette smoking and atheroscle-
rotic coronary heart disease. Bull. N.Y. Acad.
Med., 44:1476, 1968. '

Shapiro, S.,E. Weinblatt, C.W. Frank and R.V.
Sager: The H.I.P. study of incidence and pro-
gnosis of coronary heart disease: Preliminary
findings ‘on incidence of myocardial infarction
and angina. J. Chron. Dis., 18:527, 19685.
Marmot, M.G., S.L. Syme, A. Kagan, H. Kats,
J.B. Cohen and J. Belsky: Epidemiologic studies
of coronary heart disease and stroke in japanese
men living in Japan, Hawaii and California-
Prevalence of coronary and hypertensive heart
disease and associated risk factors. Am. J.
Epidemiol., 102:514, 1975.

Webster, W.S., T.B. Clarkson and H.B. Lofland:
Carbon monoxide aggrevated atherosclerosis in
the squirrel monkey. Exp. Mol. Path., 13:86,
1968.
Topping, D.L.: Metabolic effect of carbon
monoxide in relation to atherogenesis. Atheroc-
sclerosis, 26:129, 1877. .

Lewis, G.P., W.J. Jusko, L.L. Coughlin and S.
Hartz: Contrz'bution of cigaretie smoking to
cadminm accumulation in man. Lancet, 2:291,
1972. ' ' _

Lewis, G.P., W.J* Jusko, L.L. Coughlin and S.
Hartz: Cadmium accumulation in man-Influence
of smoking, occupation, alcoholic habit and
disease, J. Chron. Dis., 25:717, 1972.
Duguid, J.B.: Thrombosis and a factor in the
Dbathogenesis of aortic atherosclerosis. J. Path.
Bact., 60:57, 1948.

Wilens, S.L. and C.M. Plair: Cigarette smoking
and _atherosclerosis. Science, 188:975, 1962.
Viel, B., S. Donoso and D. Salcedo:
atherosclerosis in persons dying violently. Arch.

Intern. Med.,‘ 122:97, 1968.

Coronary

51) Strong, J.P. and M.L. Richards:

52

53

54

55

56

)

)

)

)

)

57)

58)

59)

60)

61

62

63

64

~

)

)

)

— 144 —

Cigarette
smoking and atherosclerosis in autcpsied men.
Atherosclerosis, 28:451, 1976.

Fu, S.T.: Cholesterol and acid mucopclysaccha-
rides in hypercholesterolemic rabbits. Arch.
Path., 94:446, 19%2.

Chavapil, M., P.L. Stith, L.M. Tillema, E.C.
Carlson, J.B. Campbil and C.D. Eskelson: Early
changes in the arterial wall of chickens fed @
cholesterol diet. Atherosclerosis, 24:298,1976.
1., W.A. Robertson, A.E. Hirst, G.G.
Hardley and Y. Koseki: Geographic difference

Gore,

in the severity of aortic and coronary atkeroscl-
erosis. Am. J. P_ath., 26:559, 1960.

Avigan, J. and D. Steinberg: Effect of corn
oil feeding on cholesterol metabolism in the rat.
Circulation, 16:492, 1957.
Rosenthal, S.R.: Studies
Chemical, experimental and morphologic. Arch.
Path., 18:478, 1934.

Shapiro, W., J.H.E. Estes and H.L. Hilberman:
The effects of corn oil on serum lipids in normal
active subjects. Am. J. Med., 28:898, 1957.
Thomas, C.B.: Familial and epidemiological

in atherosclerosis:

aspects of coronary disease and hypertension. J.
Chron. Dis, 7:198, 1958.

Thomas, C.B.: Familial paiterns in hypertension
and coronary heart disease. Circulation, 20:25,
1959.

Spain, D.M. and D.]J. Nathan: Swmoking habits
and coronary atherosclerotic heart disease. JAMA,
177:688, 1961. ‘

Wenzel, D.G. and G.L. Beckloff: Effect of
nicotine on exﬁerimehtal hypercholesterolemia
in the rabbit. J. Am. Pharm. A., 47:888,1958.
Gofman, J.W., E.T. Lindren, B. Strisower, D.
De Lalla, F. Glazier and A. Tamplin: Cigarette
smoking, serum li poprate%‘ns and coronary disease.
Geriatrics, 10:849, 1955.

Page, I.LH. and L.A. Lewis and M. Moinuddin:
Effecté of cigarette smoking on serum cholesterol
and lipoprotein concentirations. JAMA, 171:
1500, 1959. ;
Konitten, A.and M. Rajalsalmi: Effect of heavy



65)

66)

67

~

68)

69

~

70)

71)

72)

73)

74)

75)

—o g8 ehs) 4] Al16E A 2% 1982—

cigaretie smoking on posiprandial triglycerides,
free fatty acids and cholesterol. Brit. Med. J.,
1:850, 1968.

Ahmed, S.S., C.B. Moschos, M.M. Lyons, H.A.
Oldewurtel, R.J. Coumbis, and T.J. Regan:
Cardiovascular effects of long-term cigarette
smoking and nicotine administration. Am. J.
Cardiol., 87:28, 1978.

Roth, G.M., J.B. McDonald and C. Sheard:
The effect of smoking cigaretie and of intra-
venous adminisiration of nicotine on the ECG,
basal metabolic rate, cutaneous temperature,
blood pressure and heart rate of normal persons.
JAMA, 125:761, 1944.

Okamoto, K. and K. Aoki: Development of a
strain of spontaneously hypertensive rats. Jap.
Cir. J., 27:282, 1963.

Smirk, F.H. and W.H. Hall: Inherited hyperte-
nsion in rats. Nature(London), 182:727,1958.
G., U. Fox and G.F. Difrancesco:
Hypertensive role of the kidney in spbntaneously
hypertensive rats. Clin. Sci., 45:185, 1978.
Dahl, L.K., M. Heine and L.Tassinari: Effects

of chronic excess salt ingestion; Evidence that

Bianchi,

genetic factors play an important role in succe-
ptibility to experimental hypertension. J. Exp.
Med., 115:1178, 1962.

Zamir, N., Y. Gutman, D. Ben-Ishy: Hyperte-
nsion and brain catecholamine distribution in
the Hebrew University Sabra, H and N rats.
Cli. Sci. Mol. Med., 55(Suppl. 4):105, 1978.
Vincent, M.,H. Bornet, F. Berthezene, J. Dupont
and J. Sassard: Thyroid function and blood
Dressure in two new strains of SHR and normo-
tensive rats. Clin. Sci. Mol. Med.,54:891,1978.
Trippodo, N.C. and E.D. Frohlich: Similarities
of genetic(spontaneous) hypertension. Cir. Res.,
48:809,. 1981.

W. Godlicke, J.W.
Postnow and M. Ziegler: Insulin kinetic, glucose

Baumann, R., V. Moritz,

tolerance and lipid metabolism in genetically
spontaneous-hypertensive rats. Acta Biol. Med.
Germ., 85:38, 1976.

Nagaok a, A., K. Kikuchi, H. Kawaji, T. Matsuo

— 145 —

76

=

77)

78)

79)

80)

81)

82)

83)

84)

85)

86)

and Y. Aramaki: Life-span, henaiological abno-
rmalz'tz'eé, thrombosis and other macroscepical’
lesions in SHR. In; K. Okamoto(Ed.), Sponta--
neous vhyperten'sz'on, Igaky Shoin Lid., p.149,.
1972.

Koletsky, S.: New type of spontaneously hype-
rtensive rats with hyperlipemia and endocrine
gland defects. In; K. Okamcio(Ed.)Spontaneously
hypertension-Its pathogenesis and complications,.
Igaku Shoin Ltd., Tokyo, p:194, 1972.
Koletsky, S.: Pathologic findings and iaboratory:
data in a new strain of obese hyperiensive rats..
Am. J. Path., 80:129, 1975.

Yamori, Y., A. Nagaoka, and K. Okamcto:
Importance of genetic factors in hypertensive
cerebrovascular lesions, an evidence obiained by~
successtve selective breeding of stroke—ﬁrohe and
resistant SHR. Jap. Cir. ., 88:1085, 1974.
Yamori, Y., R. Horie, I. Akiguchi, M. Ohtaka,.
Y: Nara and M. Fukase: New modeis of SHR
for studies on stroke and atherogemesis. Clin.
Exp. Pharmac. Physiol., Suppl. 8:799, 1977.
Yamori, Y.: Metabolic pathology of vasculatures
in hypertension and vascular lesions in SHR.
Trans. Soc. Pathol. Jap., 63:2226, 1974.
Iritani, N.,E. Fukuda, Y. Nara and Y. Yamori:
Lipid metabolism in spontaneously hypertensive
rats. Atherosclerosis, 28:217, 1577.
Okamoto, K., S. Nosaka, Y. Yamori and M.
Matsumoto: Participation of neural factors in
the pathogenesis of hypertension in SHR. Jap.
Heart J., 8:168, 1967.
Grobecker, H., M.F. Roizen,
Saavedra and I.J. Kopin:

V. Weise, J.M.
Sympathoadrenal
medullary activity in young SHR. Nature, 257 :
267, 1975.

Shimamoto, K., A. Teraoka, H. Iwatsuka and
Z. Sazuoki: General survey of glucose and lipid
metabolism in SHR. Jap. Heart J., 14:159,
19735.

Saito, N., S. Mukaino and K. Oigno:
eride, lipid peroxidation and cathepsin in the:
serum of SHR, Jap. Heart J., 17:545, 1976.
Lehmann, J., N.-W. Schoene and J.P. Church:

Triglyc-



87)

— )i 4 3A : Nicotine o <) 3t B B##EA MRS 8% Cholesterol 526 WE—

Essential fatty acid deficiency and platelet fatly
acids of normotensive and gentically hipertensive
rats. Prostaglandins, 18:588, 1977.

Buktus, A.,E. Tan and -S. Koletsky: Tissue
lipid distribution in genetically obese and sponta-
neously hypertensive rat. Part-1,Plasma, aortic
intima-media and erythrocyte lipids. Artery, 2
(1):58, 1976.

88)

89)

— 146 —

‘Singer, P., S. Voigt, V. Moritz and R. Bau-

mann: The fatty acid pattern of triglycerides
and FFA in serum of spontaneously hypertensive
rats. Atherosclerosis, 88:227, 1979.
Pearson, S.,S. Stern and T.H. McGavack: A
rapid, accurate method for the determination
of total cholesterol in serum. Analyt. Chem.,
25:818, 1958.



