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Effect of Ascorbic Acid on the Blood Pressure in Spontaneously Hypertensive Rats

Hyung Koo Yoon, Hong Kee Shin and Kee Soon Kim

Department of Physiology, School of Medicine, Hanyang University, Seoul, Korea

The present study was undertaken to investigate the effect of ascorbic acid on the blood
pressure of SHR in established phase. Twenty SHR at age of 23 weeks were divided into
two groups; The control group and the ascorbic acid group in which 8 mg/kg/day ascorbic
acid was orally administered for 10 weeks. The results obtained were as follows;

1) In the control group the systolic pressure(192, 71+4.2 mmHg at O week) tended to incr-
ease gradually throughout the entire experimental period.

2} In the experimental group the systolic pressure(193.5-+3.5 mmHg at O week) was gen-
erally lower as compared with that of control group. A significant difference in the blood
pressure was observed between two groups at 3rd and 4th week of experimental period.

Though it is impossible from the result of present study to elucidate the exact mechanism

of blood pressure lowering effect of ascorbic acid, it is inferred that ascorbic acid may exert

its effect at the vascular walls.

Ay s o

A = HAE #

ol gl 4 dATY A APGFFL ZFIL o

2HEe il ndGSH o)A gt er RS HIRE AFAA LAY Lol s
R E & Qduul w@Al, AAA, A 2 A A4 IS 478 9

Fol A1AA B AFA olgel Gated ZefHE ol 4 FEEELS Aue] A4

A nYYgEL 7 YA AANTE Poke dupdgo 195433 Alexander Z

B AAFELR EAEE ol Adeld Amdd:  d #8589 SMES

4 80~85%% AAste 24 ZILFTH A lA

E oM 2 AAxat E935 o A4 REE

3 aT7FH AR AolHh

+5 AL AAAF o] 93}
| aﬁ Aot Aol wEloideh zelit
‘Vél

st A £ A l‘%"&‘%—

830\ ,qgj'z_-} o2 1%01.2 g3 z]
24, A5 o] Smirk o} FF
AFAEL” S TYYEE FstE FEY 94
(Genetically hypertensive rat: GHR)¢ Z=lo] 4Z

FAE A2 dob gk

193414 Goldblatt 5o &3t} FE9 A5 e §
AP ozA A4TRLFE 4LT ¢ Yo AF
7t RuEzl ¥ ¢E AT dd AL wled®
Aoz wojgeh, 25 APH TGS Goldblatt
hypertension £]efl & aldosterone? ;deoxycorticoste-
rone acetate (DOCA)®d clgke] 4o Feod 9 9 31e

g .em, =gk 3 2o ol 2& Okamoto ¢+ Aoki &9
=Ll kA 4 7Y b 4 (Spontaneously hypertensive
rat: SHR)®] Ajurel A7E &3 o= %ﬂxg
agoh 5 WAZY ge A7 gAE B

g £ 22k Dahl 50 o3l Aty Brookhav-
en hypertension-sensitive type &} Bianchi 512 &)
st &s0% Milan hypertension strain(MHS)%o]



—FES, 4} 2 At Ascorbic Acid 7t BEME RMBEEFS MR

fedl Axe A4 s w&**%ﬂ 4% == ijkfﬂl
Ark 2@ ¢4 T se SF4E Ada gded, ¥
e TiALzE A4dadgT 4 “4 L2 25

A ol A AT TRY FEY 2dF 24
YA Tl A o449 AL 44 SHRolehm

ik SHR ¢ mgdqr d4ag¢ Bl 1)4F o

A A4 9k~ (prehypertensive phase), 2) A3
ok 5~10Toﬂ A "ate] gl ayEA 7] (lab-
ile phase) 3) ¥ 3~4de] At A Y Hglol
A %838x %L 31897 (established phase) ¥
4)o]F x}a] dlgte] 4A 8 AFsle F4r] (malign-
ant phase) 502 o] Aep®. o]j3t SHR A
dojrbs zggte] Arete] Zei4 motsl gAs) §
A3 w7 A Ysle dojudrlm S FE 31"
Wzt ng ks Adg :IL%’ e A2 kR
Eel4 ot A4S oeisten ge] AAolz &
- dh

196341 Okamoto 9} Aokil®«] £]3le] SHR o] At
H ofd ol E TFolA el #4 2 FAHE 7
A& 3= SHR ¢ 54 9@ sy ghibd sy o3&
Bl 458 TET g TIN5 o] R F
t}, Okamoto®& SHR A& FE AAHsHHA =)
71544 Yol AMAREEA o] . 5

F529 7150l FAHA} ACTH u TSHE 3
ZAA 5 o) o] A mare] zejRekm A
s 9ok

E8 Hallbick!®& SHR A= -}?’,—z A &3 Z
BA 7 YLBuk ohet 27 03
F2ARA A 5P 93 oa fo 4
B ole 43 Aol 9 1' 49
49 A3l Qe FARHD FFRA
Folkow $10.& SHR ol 4 & 4+ 9t 93459 =
JHe AZF4ENY 5570 Jl S zEd ¥ &
ﬁi}i ol & dlel glo} &l FAYA A4dnto=
38 490 Fobzm 45k 283 SHRO AL
=] ‘%Tfﬂf‘}m‘% AW FElAu4ak 9 triglyceride &
fatty acid patternc¢] FAJFEHE 2} FH
THOE Q)

BE e o
(4

SHR o} A m¥ efo] 4 et ol : A4 °J°l
84 FHe AE Adolv obF I 49 ARE B
AR gz ek 28 o] B FEAA 1y g
A sradddlel st A dojuiA e %e Aolet:

L SAEY ghe] A= 9tk

o
£ 8 9 ofy

AE -

s Vitamine C¥& 1930wl ol 28] 2 A=Al
hexuronic acid & %=} ot} antiscorbutic prop-
erty & Zi lvhe AF4l2o] uwhs Rl =24 ascorbic
acid(AA)zlax E=]9A Hgwh Ascorbic acid &
S Fel4e 2u debn 37l Hebe AWl
A8 A% BAAA] Lastd oel AYEA Uy
& £]A]5le mental depression, Ao, Awel of
B A A4 E Fpshe YY) Yot A
& A aeleizl Aol

F5} 4] Auby] A 52629 9) 04] ascorbic acid
= @% cholesterol v A}of] 3¢ st atherosclerosis
T AAANAY A& a4 FHdsigcte g
QTR glu,

© B A48 ascorbic acid 7} ZR ool Y& Apub4g
1@1} ‘}1‘ 1<SHR)”] zséo]-oﬂ ] ]T‘:- og%o]:.%_ _;1_11-5’}7]
A5t A= g

[l
gt
=
Hu
¥
i
i3

nP_'.
ru‘ﬁ
i

‘ié r2e 9% 2E(2022°C) ol Al AL S
AE 2355 28 4ly] (established phase)d] Sz
20“]-314 SHR ¢ A87Hglel A&slgded o &
Z+72+ 10nbeld o) 23t ascorbic acid(AA)F o7
2 el 4dsgsh

HETA A AR (TAL ALDARAF) S Eat
+ FEgen AARGFAAL AF ke ¥ 3mg g
ascorbic acid CRINBRTEHRREH)E ol S o)
4 23] 1057 & Catheter(No.3) & Es5te] AH 9
Az s

2E FEAA e 332 1,2,3,4,6,8 2 10F
o 48FEE 37°CH gedd 587 Fvst
3. Ueda electronics 3] 4}A] automatic blood pressure
recorder (Model USM 105) 5 A}&3te meE o] A 744
oz 24384

oA 7 & 1

Ascorbic acid 7} SHR 9] #gtell n]x]i o5k F

Belmx 4F 23%7H8 2YYsldl Tz SHR

9] 3mg/kg ¢ ascorbic acid & 1

2 4 (FF7 FUh) e dEAe 23, vasky

v E 19 2014 REupel 2L AsE dgidh
233 AAES 7Y SHRo] A% 235 (0 week)

A Helg RAYE Agsigd e 24 %F FES



—o} g &3] 4] s A 15 A 1E 1981—

Table 1. Blood pressure changes in control SHR group

Blood pressure (mmHg)

Time in week

Animal No. 0 1 2 3 4 6 8 10
1 179 181 179 188 178 184 202 195
2 183 176 182 197 186 187 194 188
3 185 184 182 195 184 182 193 194
4 179 180 180 194 185 186 192 190
5 181 181 178 195 188 190 187 188
6 186 178 184 193 133 187 194 195
7 208 212 202 204 208 220 210 220
8 207 210 205 205 210 215 215 222
9 212 205 205 212 210 213 210 220

10 207 207 205 205 214 215 217 222

Mean+SE 192.74+4.2 191.7-54.3 190.243.7 199.8%3.3 194.6+4.2 197.9+4.7 201.4%4.4 203.414.6

* All values are mean systolic pressure-=SE

Table 2. Effect of ascorbic acid administration(3'mg/kg) on the blood pressure of SHR -in established

phase
Blood pressure (mmHg)
Time in week
Animal No. 0 1 2 3 4 6 8 10
1 185 175 170 175 174 183 181 182
2 185 173 172 180 172 187 184 184
3 185 173 171 177 172 184 182 181
4 182 175 172 178 174 180 187 193
5 188 174 173 180 173 183 181 185
6 183 175 172 181 172 182 189 182
7 205 198 195 196 195 205 198 205
8 207 ‘ 208 210 210 210 210 210 220
9 210 207 208 208 205 212 212 218
10 205 210 216 210 205 210 200 217

Mean+SE 193.543.5 186.845.4 185.845.6 189,543, 1** 185,24, 9** 193.644.1 192.443.5 196.71+4.9

* All values are mean systolic pressure+SE
** P<0. 05(as compared with experimental control)
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Fig. 1. Effect of ascorbic acid(3mg/kg) on the
blood pressure in SHR.

e

i)

196311 Okamoto 9} Ackil®y} wlAel A=A Yejm
so]l &zt SHR & Adshzl 22 A3 214
gkl #F dFE Erle] £ AR 224 FH4
ok $A dFAEe] R4 SHRoA zadqfe] H4
Hz AL 71AE FHEd JAEI 49

97 Okamoto &% SHR ol A& A4 Aasld &
238 Tl ma=He] glow] Asjdew Mz, azt
AAA 2 FAFAY S Fe] gDy 5 vl o
g3t 4823 SHR A superior cervical sympa-
thetic ganglion ¢]v} AJAsk4-o] A A Y Fo] el
22 AR Y o]E ZA U acid phosphatase ¥
monoamine oxidase 8 A o] F/1Ee] Qi R
4050 o AHERe} Syl Hh

=3 SHRel e AR A st o
Aol Addw Eul oh el mE s dole] ZAst
ete 2 AP g A 4akts) o
7k Aro1d] At fste] ASAQ Hopste] °€°1
Wole A F8 3% §lvl. Grobecker 5408 ¥
—°1 SHR ol A w3434 7] 5] gAH Al%%

T 5 ddvtx Fgled oj4d dFAd EL ®
-r7} SHR & =zt ¥4 o fxd 4744 a4l
PAFE FF 3 Atz ek ol A4 89
2 &9 A4S —o A —F (T — FAFAA
(hypothalamo-sympatho-vasomotor and/or-adren-
Fobel g5 ALz WojAle

=g SHRoAE gdezislzh 52 gl AL
(barcreceptor resetting)st= 24 & a7 R-=
S FRROE gom 44 AATIY £

& (immobilization) s} 2] g} stress 7} T3 qhkAy 2

R

omedullary axis) &

pa--

A& ANE Qe Okamoto“’«] o Fdl =}
29 A4ste] 2drs ARE 94 R4
A9 S EEgAE Z‘Lﬂ‘&"}l b ol 74
E2 SHRAAY maqh del & A4stE—33)
FA 4212 ¥ 3444 (Hypothalamo-hypophy-
seo-adrenocortical and/or thyroid axis)E % 2 3
& AlAbere.

¥4 TP Q& SHReIAE Aubs, 4
W% 3 9RARY SAHEg ohiw 3449 99
2220400 renin BAYEY  Fr1eA06] etz
gt A FEo] 4Aste 2 )l Eeolsbd Ay
A4EY R rening) FYEFL J4oE ¥
w0 2o Gokol da ARA H gl 3]
F713 WRAF £ obFd W] grpusinsog
g, ‘

o}4 SHRoIAS maer H40l 402 5973
ol Z1AgsE A8 AL AAE vt got A
vlof AHOU F A fre] A wkAL W triglyceride ¢ fatty
acid pattern o] A AW Aol o]y} Yt HAIOE
DS

@5 2 BYA A ascorbic acid & 47 433
o] dehydroascorbic acid = A8 4 g0 o]z}
AL T vl Y 55 £4FHA gerkn gl A
Z7+x) @8 2 ascorbic acid 8] F87)%5 ¢ 24 col-
lagen 59 A EAEAY AAE=d ¢35k vascular
integrity ¢ =349, AR e APl FAA
Ag WA, A9 e, Ak B ekEE A AL
o] B FE E ¢ g2} o]8 3 ascorbic acid ¢
32k gl 2§71 A-& 94 ascorbic acid 7} A3t §
DA 24 peroxide 2] source & ZH&-3l7] o Folel
2 P

3} ascorbic acid & EE¢ &% cholesterol g3
& 7+4 A7) 224 atherosclerosis & Ao o whx|3}t
E EI97] gotm gEe]A @A tE L4
L AAENA S 2x8 2|8 ascorbic acid o F
AL Fasirle] ol2yslm ek, a2} z2Fd
o] 2oy Al o Fol A FAHEEoI W 4lxe] hyperchole-
steremia ¢l 9l FEolA ascorbic acid ] hypo-
cholesterclemic effect & A& 4 glor= X
26,2058 ¢lu}, o] u] qu A A= cholesterol o A4
o] o]ate] A Axlxow ¥F cholesterol FE7}
Azgrl Fole dTAEY At dFz ek

Ascorbic acid 8] A A ¥F cholesterol =7}
A25E AL cholesterol o] ©F4le e AYHE 3

>

(Y



—u g+ ] & &3] A :

ol 2 el 4 7] A} ascorbic acid-2-sulfate 7 3 4
t}7} cholesterol sulfate 7} He] A2 AR = &F

o] ZA&Hs o EoR Yol gl
Rutenberg®®%-& 83 cholesterol & ol 25l 2314

7] F&= Wojx LCAT (lecithin-cholesterol-
acyl-transferase) = S| o 235 free cholesterol
& AAGEY YdolA F83 AL detn AApghut
b, dukd oz A FA4l, A % 2kl = asco-
rbic acid ¢ Ftuke] wlmA Erim gHAZ Yo
mechanical stress & ubi: 59 54l & ascorbic acid
o FaAq gaugel deldaE FPTOE g5,
2 AgAAE nuP Foln 4F 2% A
SHR o)) ascorbic acid & 1057k Fejste] o]zle] &
ol mlAE GBS BAHYRN AZTIAE 4
A2 (0 week)o] 192.7+4.2mmHg o]l e o4&
ASE R A AR 4 AFE B3 AA
B FolAE BE 193.543. 5 mmHg o]y g te] o
A ke A BE BHgoy zZA AFAAE €L
B 4 gt ol e kAl AT kRS
zle] ¥ F Fe APE RN HAF el (p
<0.05)% 47 3 % 4FAqt & 5 Ak
2Tl 4 Fgel AFFTFEe LGOI YT F
dE AAelH I 10574 AA3] "gre] A5
o] & FEo] AR Qojrtr] wEolzlnE Fol
ek AA RS T A A 3 2 450 Fo5HA P4
8 Aol AL EHIL Aol o7 A
dejuie FEa S|4 LAY A2 Fej A
T 471 givh. 28y SHR Al A AR g7k B AEE
st o251 gy fel R wkabsl triglyceride ¢
free fatty acid patterno] slErviis A}4]18203). 3
& gto] 2l mechanical stresseoll 2jste Halyd F
424 ascorbic acid ZF4-alaFe] Qo) £ate] o)
= Yok A EDL 2ol ascorbic acid &
A A b2 e g 4 AzAsRE
A, &2 hypocholesteremic effect & %-35}¢] athe-
rosclerosis & A 2A 7224 doMits JdAEIAE U
epdielz A9 5 9k 22l ascorbic acid ¢
AR el A8 2ol ShAls) wEA UA go g
Al Qg wlAEEA @SS AT FE
AE E5AL A3 AT = Q.

ks
3

rlo

4 =

Ascorbic acid 7} g <trlo] Eojzt SHR ¢ "ot

AB5E A 1% 1981—

ol ulAe 93e TYstzd JF 2357k SHR
1057k w1 4 3mg/kg 9] ascorbic acid & A 2%
F 2 Here] W3S 33, vastgdyle e 2
< A3E 44

1. EZ2FAE F2 192, 7+4. 2mmHg ol 43
71 FH el *d JEE gy A4S 5
e AAs AeHE A3 2y

2. Ascorbic acid o] FolA&= w©E 193.5+3.5
mmHg ¢|®l ¢%7] ¥ gte] 94| 7wl sHA A% &
d2u 2T v AE Yy 4 A3F
o} 4T A E o7 Fe] (p<0.05)F Z5 =

SHR &) A ascorbic acid 7} & o}AFE&E dAst= 7

+ 2 AEY Ao ne 213 AFE & 9

Aot ol 44 FEAAAG B uuxm 3o
A Bobe TaERAE Eoe deldi ALE AR
2+,

# 02

1) Goldblatt, H.,J. Lynch, R.F. Hanzal and W.
W. Summerville: Studies on experimental hy-
pertension. J. Exper. Med., 59:347, 1934.

2) Gross, F. and H. Schmidt: Aldoterone overdo-
sage in the rabbit. Acta Endocrinologia, 28:
46, 1958.

3) Selye, H., C.E. Hall and E.M. Rowley: Mali-
gnant hypertension produced by trealment with
deoxycorticosterone acetate and sodium chioride.
Canad. M.A.J., 49:88, 1943.

4) Sapirstein, L.A., W.L. Brandt, and D.R. Dru-
ry: Production of hypertension in the ral by
substituting hypertonic sodium chloride soluti-
ons for drinking water. Proc. Soc. Exper. Biol.
Med., 73:82, 1950.

5) Hess, W.R.: Stufen im aufbau der vegetativen
Nervensytem. Schweiz, Med. Wochnscgr., 77:
659, 1947.

6) Uvnis, B.: Central cardiovascular control, Ha-
ndbook of physiology, Neurophysiology, Section
I, Vol. II, .1131, 1960.

7) Yamori, Y.: Hypothalamic hyper-and hypoten-
ston induced by destruction of the tubero-mam-
milary region in the rat. Jap. Cir. J., 31:

743,1967.



9

~—

10

=

11

~—

12)

13)

14)

15)

16)

17)

18)

19)

—FEH 42 A ¢ Ascorbic Acid /b HEM BOEARS ME =% BE--

Alexander, N., L.B. Hinshaw and D.R. Drury:
Development of a strain of spontaneously hyp-
ertensive rabbits. Proc. Soc. Exper. Biol. Med.,

86:855, 1954.
Smira, F.H. and W.H. Hall: Inherited hypert-
ension in rats. Nature(London), 182:727,

1958.

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

Dahl, L.K., M. Heine and L. Tassinar: Effe-

cts of chronic excess salt ingestion.: Evidence
that genetic factors play an importanl role in
susceptibility to experimental hype;jtension. J.
Exper. Med., 115:1173, 1962.

Bianchi, G., U. Fox and G.F. DiFrancesco:
Hypertensive role of [the kidney in spontane-
ously hypertensive rats. Clin. - Sci., 45:135,
1973.

Hallbick, M. and L. Weiss:
spontaneously hypertension in rats. Med. Clin.
North. Am., 61:593, 1977.

Roba, J., G. Lambelin and A.F. De Schacpdr-
yver: Antihypertensive activity of four bloc-

Mechanisms of

king agents in spontaneously hypertensive rats.
Awrch. Int. Pharmacodyn., 200:182, 1972.
Hallbick, M.: Inferaction between central neu-
rogenic mechanisms and changes in cardiovas-
cular design in primary hypertension. Acta.
Physiol. Scand., (Suppl. 424):1, 1975,
Yamori, Y. and K. Okamoto: Acute fall of
blood pressure by hypothalamomesencephalic
separation in spontaneously hypertensive rats.
Jap. Cir.”J., 33:105, 1969.

Folkow, B., M. Hallbick, Y. Lundgren and
L. Weiss: Background of increased flow resi-
stance and vascular reaclivity in spontaneously
hypertensive rats. Acta. Physiol. Scand., 80:
93, 1970.

Singer, P., S. Voigt, V. Moritz and R. Bau-
man: The fatty acid pattern of triglycerides

and FFA in serum of SHR. Atherosclerosts,

33:227, 1979.
Iritani, N.,E. Fukuda, Y. Nora and Y. Yam-

* 26

20

=

21)

22

-~

23)

24

~

25)

Raig

27)

28

=

29)

30)

ori: Lipid metabolism in SHR. Atherosclerosis,
28:217, 1977.

Koletsky, S., P. Shook and ]. Rivera-Velez:
Lack of increased renin-angiotensin activity in
rats with spontaneous hypertension. Proc. Soc.
Exper. Biol. Med., 134:1187, 1970.

Sen, S., R.C. Taraz, P.A. Khairallah and F.M.
Burmpus: Cardiac hypertrophy in spontaneo-
usly hypertensive rats. Cir. Res., 35:775,
1974.

Pfeffer, M.A. and E.D. Frohlich: Hemodyna-
mic and myocardial function in young and old
normotensive and spontaneously hypertensive
rats. Cir. Res., 832 & 33(Suppl.—1): 28,
1973.

Pifeffer, M.A. and E.D. Frohlich: Hemodyna-
mics of spontaneously hypertensive rals: Eff-
ects of pressure elevalion. Am. J. Physiol.,
224:1066, 1973.

Okémoto, K.: Spontaneous hypertension in rats.
Int. Rev. Exper. Path., 7:227, 1969,
Goodman, L.S. and Gilman, A.: The pharma-
cological basis of therapeutics. 4th edition,
Macmilan, P: 1665, 1970.

Samel, P. and O.B. Shalch: Effect of vitamin
C on serum cholesterol in patients with hyper-
cholesterolemia and atherosclerosis. Circulat-
ion, 29:24, 1964.

Peterson, V.E., P.A. Crapo, J. Weiniger, H.
Ginskerg and J. Olefsky: Quantification of
plasma cholesterol and triglyceride levels in
hypercholesterolemic subjects recetving ascorbic
acid supplemenis. Am. J. Clin. Nutlr., 28:
584, 1975.

Spittle, C.R.: Atherosclerosis and vitamin C.
Lancet, 2:1280, 1971.

Anderson, J.T., F. Grande and A. Keys: Die-
tary ascorbic acid and serum cholesterol. Fed.
Proc., 17:468, 1958.

Myasnikov, L.A.: Effect of ascorbic acid, nic-
otinic acid and thiamine on cholesterolemia.
Voenno-Morskoi Med. Akad. Leningrad, 8:

140, 1947.

31) Sokoloff, M., B. Hori, C.C. Saelhof, T. Wiz-



32

~

33)

34)

35)

36)
37)
38

=

39)

40)

41)

42)

43)

—oi g e e A15d A 1R 1981—

olek and T. Imai: Aging, atherosclerosis and
ascorbic acid metabolisin. J. Am. Geriat. Soc.,
14:1239, 1966.

Inagaki, C. and K. Oizumi: Effect of ascorbic
acid on cholesterol metabolism. Vitamin, 32:
339, 19685.

Catelli, P., M. Bignami, G. Bonati and M.
Gofrini: Changes in sevum cholesterol and lip-
oproteins in subjects treated with vitamin C.
Pathologica, 53:267, 1961.

Krumdieck, C., and C.E. Butterworth: Ascor-
“bate-cholestercl-lecithin  interactions: factors
of potential importadce in the pathogenesis of
atherosclerosts. Am. J. Clin. Nutr., 27:866,
1974.

Ginter, E., I. Kajaha and O. Nizner: The eff-
ect of ascorbic acid on cholesterolemia in hea-
Ithy subjects with seasoncl deficit of vitamin
C. Nutr. Metab., 12:76, 1970.

Matsumoto, M.: Jap. Cir. J., 31:1187, 1967,
Fukushima, M.: Jap. Cir. J., 52:485, 1968.
Okamoto, K., R. Tabei, S. Nosaka, M. Fuku-
shima, Y. Yamori, M. Matsumoto, H. Yam-
abe, T. Morisawa, Y. Suzuki and M. Tame-
gai: Jap. Cir. J., 30:1483, 1966.

Freis, E.D,, D. Ragan, H. Pillsbury III and
M. Mathews: Alferation of the course of hyp-
ertension in the spontaneously hypertensive
rats. Cir. Res, 31:1, 1972,

Grobecker, H., M.F. Roizen, V. Weise, J.M.
Saavedra and 1.J. Kopin: Sympathoadrénal
medullary activity in young spontaneously hy-
pertensive rats. Naure, 258:267, 1975.
Nosaka, S. and S.C. Wang: Carotid sinus
baroreceptor function in the spontaneously hyp-
ertensive rat. Am. J. Physiol., 222:1034,
1972.

Folkow, B., M. Hallbick, Y. Lundgren and L.
Weiss: Structurally based increase of flow
resistance in spontaneously hypertensive rals.
Acta. Physiol. Scand., 79:373, 1966.

Sen, 8., R.R. Smeby and F.M. Bumpus: Renin
in rats with spontaneous hypertension. Cir.

— 25 —

~—

Ry

~—

N

fei)

Res., 31:876, 1972.

Wolinsky, H.: Effects of hypertension and its
reversal on the thoracic aorta of male and fe-
male rats. Cir. Res., 28:622, 1971.
Wolinsky, H.: Long-term effects of hyperten-
sion on the rat aortic wall and their relation
to concurrent aging changes. Cir. Res. 30:
301, 1972,

Gore, L., T. Fujinami and T. Shirahama: En-
dothelial change produced by ascorbic acid
deficiency in guinea pigs. Arch. Path., 80:
371, 196s.

Spittle, C.R.: Vitamin C and deep-vein throm-
bosis. Lancet, 2:199, 1973.

Wilson, C.W.M. and H.S. Loh: Common cold
and vitamin C. Lancet, 1:638, 1973.

49) Simonson, E. and A. Keys: Research in Russia

on vitamin and atherosclerosis. Circulation,
24:1239, 1961.

Crawford, G.P.M., C.P. Warlow, B. Bennett,
A.A. Dawson, A.S. Douglos, D.F. Kerridge
and D. Ogston: Tke effect of vitamin C supp-
lements on serum cholesterol, coagulation, fib-
rinolysis and platelet adhesiveness. Atheroscl-
erosis, 21:451, 1975.

Rutenberg, H.L. and L.A. Soloff: Possible
mechanism of egress of free cholesterol from
the arterial wall. Nature, 230:123, 1971.
Willis, G.C. and Fishman: Ascorbic acid con-
tent of human arterial tissue. Cana. Med. As-
soc. J., 72:500, 1955.

Saroja, N., V.R. Mallikarjuneswara and C.A.
B. Clemetson: Effect of estrogens on ascorbic
acid in the plasma and blood vessels of guinea
pigs. Contraception, 3:269, 1971,

Yamori, Y., M. Matsumoto, H. Yanabe and
H. Okamoto: Augmentation of spontaneous
hypertension by chronic stress in rat. Jap. Cir.
J.. 33:399, 1969.

Barsanti, J.A., H.R.C. Pillsburg III and E.D.
Freis: Enhanced salt toxity in the spontaneo-
usly hypertensive rat. Proc. Soc. Exper. Biol.
Med., 136:565, 1971.



