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Regional vascular reactivity in rats with Guérin carcinoma (GC)

L. Takéacs, L. A. Debreczeni® and Cs. Farsang

Second Department of Medicine, Semmelweis University Medical School, H-1088 Budapest (Hungary), 5 December 1978

Summary. Increased sensitivity to phenylephrin and a decreased one to isoproterenol has been found in regional vascular
beds of GC implanted rats. Circulatory sympathetic reflex adaptation, alfa- and beta-adrenergic stimulation or blockade
provoked a uniform response pattern: i.e. increase in vascular resistance of GC.

Parallel to the increase of tumor size prominent, newly
developed vascular area can be coupled into the peripheral
circulation. GC was implanted into rats and the vascular
effects of increased sympathetic activity, haemorrhagic
hypotension, tourniquet shock and also as stimulation or
blockade of alfa- and beta-adrenergic receptors were stud-
ied in normal and neoplastic tissues.

Materials and methods. Male rats (mean weights 189-310 g)
in 15 groups served as control and 15 groups of rats were

implanted with GC cells into the right axillary region.
Circulatory parameters were determined 12-15 days after
implantation. The mean weight of the tumors varied be-
tween 31 and 44 g, except in the tourniquet group and in its
control (52 and 44 g). After pentobarbital anaesthesia (40
mg/kg 1.p.) blood pressure was measured in the carotid
artery with a mercury manometer. Organ fractions of the
cardiac output were determined by Sapirstein’s isotope
fractionation technique®® using 3Rb and '»J-antipyrine;

Groups n Blood pressure A% Cardiac output A% TPR A%
(mm Hg) (ml/min/ 100 g) (104 dyn - sec - cm—5)

Haemorrhage

N: Control 35 116.0£ 1.62 25.5+0.65 37.04£0.88 23

N: 70 mm Hg 27 73.1£1.31* -37 13.4+0.52* —47 45.7+1.76* 12

N: 40 mm Hg 29 42.11+0.88* —64 8.4+0.33* —-67 41.61+1.63*

Tu: Control 25 108.4+2.91 3044+ 1.07 29.3+1.22 38

Tu: 70 mm Hg 25 71.2+1.20* —34 14.8+0.71* -51 40.5+1.88* 22

Tu: 40 mm Hg 25 41.0+0.41*% —62 9.5+0.39* —69 357+£1.29*

Tourniquet shock

N: Control 13 117.7+2.69 26.0+1.22 —45 37.0+1.80

N: Tourniquet 15 86.0+2.14* -27 14.3+1.23* 52.9+4.35% 43

Tu: Control 15 101.7+4.13 33.0+195 —59 260+2.07

Tu: Tourniquet 14 72.5+ 3.00* -29 13.5+1.13* 4591 3.00* 76

Phenylephrine

(ng/100 giv.)

N: Control 13 118.5+2.22 20.7+0.90 46.7+£2.28

N:10pg 8 151.9+5.58* 28 24.0+1.79 16 52.6+4.56 13

N:3.0pg 8 167.5+ 8.96* 41 25.7+1.76* 24 56.7+4.51* 21

Tu: Control 9 104.4£2.94 35.1+2.52 25.312.84

Tu: 1.0pg 6 150.0 £ 6.45* 44 3224305 - 8 39.4+4.90* 56

Tu:3.0pg 7 163.6 +4.46* 57 36.5+3.12 4 37.5+3.30% 48

Phenoxybenzamine

(mg/100 giv.)

N: Control 30 116.5+1.65 23.74+0.71 40.4+1.40

N:1.0mg 26 93.7+2.41* -20 26.9+1.19* 14 29.0+1.29* —28

Tu: Control 27 107.8+£2.55 27.1+0.76 32.4+£1.20

Tu: 1.0 mg 31 824+2.17* —24 278+1.34 3 25.141.20* -23

Isoproterenol

(11g/100 g/min)

N: Control 13 118.5+2.22 20.7+0.90 46.7+2.28 -21

N:0.01pg 8 100.0+ 7.15* —16 219+ 1.68 6 36.9+ 1.84% —50

N:0.03 pug 8 84.4+8.10* -29 313+2.83* 51 2344383 —-49

N:0.10ug 8 86.9+7.96* =27 29.6+2.31* 43 23.8+£2.09* —64

N:0.30pg 9 63.3+5.20* —47 34.2+4.42* 65 16.7+2.45*

Tu: Control 9 104.4+£2.94 35.1+2.52 253+2.84 14

Tu: 0.01 pg 7 108.6+5.20 4 30.8+2.21 -12 28.8+1.76 -19

Tu: 0.03 pg 8 92.5+5.67 -1 37.5+241 7 205+1.98 —10

Tu: 0.10 ug 8 93.8+7.95 -10 36.1+4.63 3 22.7+3.09 —-16

Tu: 0.30 ug 7 83.6+9.80* -20 35.1+£3.72 0 21.3+4.63

Propranolol

(mg/100 g i.v.)

N: Control 30 116.5+ 1.65 23.7+£071 4044 1.40

N:0.20 mg 21 111.2+3.40 -5 20.7+0.79* -13 43.7+1.59 8

Tu: Control 27 107.8+2.55 27.14+0.76 3244120

Tu: 020 mg 20 101.7+3.58 -6 23.0+0.97* —15 36.8+2.23 14
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the cardiac output was measured with Evans blue dilu-
tion®>. Blood flow in GC or in other tumors can be
properly detected by accumulation of 3Rb>S, Interven-
tions: a) Arterial blood pressure was lowered by bleeding to
70 or 40 mm Hg for 10-20 min; b) tourniquet shock was
applied on both hind limbs for 2.5 h, determinations started
1.5 h after its release. Treatments: 1. Phenylephrine, 1.0
and 3.0 ug/100 g/min for 5 min i.v. 2. Phenoxybenzamine,
1 mg/100 g 3-4 h prior to the experiments i.v. 3. Isoprotere-
nol, 0.01-0.03-0.10-0.30 pg/100 g/min for 5 min i.v. 4. Pro-
pranolol, 0.2 mg/100 g i.v. 20 min before the experiments.
Differences were evaluated by Student’s t-test.

Results and discussion. According to our previous ex-
periments®, parallel to the increase of GC, characteristic
alterations in the systemic circulation of rats can be found:
cardiac index progressively increased, arterial blood pres-
sure, TPR and vascular resistance in different organs
decreased. Circulatory adaptation of GC bearing rats dur-
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ing haemorrhagic hypotension or tourniquet does not differ
essentially from that in the normal rats table. Phenyleph-
rine in a larger dose caused a greater increase in TPR and
vascular resistance in the kidney, intestine, skin and carcass
in the GC group than in the control rats. On the contrary,
vasodilation caused by isoproterenol was observed only in
normal rats but not in GC ones. Increased sensitivity to
alfa-adrenergic stimulation and a decreased one to beta
agonists can be explained on the basis of the general
vasodilation found in GC rats®.

In response to circulatory adaption, alfa or beta stimulation
or blockade, the vascular bed of the GC showed a uniform
response pattern: vasoconstriction i.e. increase in resistance.
Vasoconstriction was generally higher in the GC than in the
organs. The resistance vessels of the GC, like the vessels of
other tumor types”® seem to be extremely sensitive to
circulating vasoactive agents.

It is clear that there are qualitative and quantitative differ-

Regional resistances (104 dyn - sec - cm~5)

Brain A% Heart 4%  Kidney 4%  Gut A% Skin 4%  Carcass 4%  Tumor A%
gg'gf ;‘;g . g'gj—[g'g | 26%011 11.8+0.36 82.5+3.55 58.141.82
Y8154 17 T3io9er g3 36T025% 40 142+078* 20 170T661* 42 6984387 20
Soraa a0t 3840.18% 48  12.5+0.57 6  103.0+536* 25 60.8+240 4
R T o, 223010 10.5+0.68 47.0%2.20 43.3%+223 456+ 3.07
oirom i G0t0s  _g 32E0I7* 44 130%092% 24 831580 77 5474202 26 1142%11.00% 150
3+0. 010. 3240155 43 974046 — 8  769+380* 64 424+165 — 2 1672+1800% 267
31.9+3.46 7.0+0.66 2.5+0.15 11.340.68 68.6+4.39 57.3+3.59
3584367 12 7.3+0.74 4 434034 T2 157+126* 40 12194997 78  86.1+861* 50
23.742.61 5.0+0.54 1.940.15 73%0.74 4325370 39.6+ 3.49 D4+ 442
3124251 32 82+086* 64 3.7+020% 95  109+103* 49  998+889% 131 615+573* 55 12991 17.12% 206
4554367 8.140.58 3240.17 17.842.08 88.6+ 3.9 72.643.78
4514318 1 8.7+ 143 7 332032 4 1834249 3 1069+1890 21 902+821* 24
40.4%2.99 -1 65+036* —-20 37052 16 198+218 11 1108+13.14 25 9524969 31
2921481 594052 1194025 8.6+0.90 43.6% 8.30 37.9% 444 343+ 3.33
2994195 2 661084 12 344053 72 13241.93% 54 5824493 33 640+912¢ 69 70.8+ 14.93% 106
334278 ~20 474033 —20 28+1025% 44  132+203* 5S4  T28+772* 67 589+4559% 55 839+ 1540% 146
3154151 8.640.33 2.8+0.11 14.7+0.52 77.9+4.02 61.0+2.25
2534122 —20 64+048% 25 304019 8 1314068 —11  697+463 —10 363+209% —40
2594116 6.6%0.27 24+0.15 11.7+0.52 53.842.52 4723208 473+ 2.16
200F1.58  —19 501033* —23 2.6+013 8§ 881057 —25  448+260* —17  30.5+172* —35 582+ 3.59% 23
4554367 8.140.58 324017 17.842.08 88.6+ 3.99 7274378
486+ 5.92* 7 624031 —24 26009 —19  1291034* —28  73.0+361* —18 563+418 23
3154456*  —31 38+0.64* 53 20£020% —37 9.8+ 154% —45  560+7.34* —37 302+587% —58
D924 177*  —36 304026% —63 294048 — 9  O1+1.00* —49  ST.0+524* —36 3134293 —57
229+297%  —50 301053 64 21+4027% —34 6.0+ 1.09% 4547 6.80* —49  223+350% —69
292+ 481 594052 204025 8.6+0.90 43,6+ 8.30 37.9%4.44 343+ 333
307+ 1.97 5 554054 — 7 234021 20 100+068 16 5241676 20 400+2.72 6 492+ 468* 41
D10+ 1.87 ~28 46+066 —22 184018 — 8  7.84084 — 9 3564376 —18 260+322* —31 430+ 637 25
D34+ 2.66 20 4334074 28 204019 3 87+1.53 1  417+459 — 4 2901+508 —23 471+ 486* 37
D2.5+4.20 -23 44%119 —26 20+028 4 694175 —19  390+680 —11 29.6+801 —22 453+ 441 32
8.6+0.33 28+0.11 14.740.52 77.9+4.02 61.042.25
— 6 106+045* 24 314011 11 1554076 5 8844459 13 648129 6
6.6+027 244015 1174052 53.842.52 4723208 473+ 2.16
— 6 96+072* 46 27+016 12 139+156 19 576+503 7 S508+315 8 713% 561% 51

Effect of sympathetic reflex adaptation, alfa- and beta-agonists or blockers on systemic circulation and on regional vascular resistances of normal
and Guérin carcinoma implanted rats (mean+ SEM). N: normal groups, Tu: GC implanted groups, TPR: total peripheral resistance, n: number of

rats, %: differences from control in percent, * difference from control, p <0.05.
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ences between the vascular reactions observed in the GC
and in the organs. Supposing that the resistance vessels of
the tumor have a low alfa constrictor and a significant beta
dilator tone as compared to the organs, one would expect
vasoconstriction provoked either reflexly or by phenyleph-
rine or propranolol. It is possible that a secondary so called
passive vasoconstriction could ensue following decrease in
the arterial blood pressure during phenoxybenzamine or
isoproterenol. The peculiar effect of isoproterenol in larger
dose - no change in arterial pressure accompanied by an
increase in the resistance of tumor vessels - cannot be
explained even on the basis of the previous assumptions.
Differences in vascular reactions of the organs and tumors
might have some practical implications.
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1 Present address: National Kordnyi Institute for TBC and Pul-

monology, Budapest 1529, Hungary.
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Nuclear localization of aldosterone in rat brain cells assessed by autoradiography!

Marion K. Birmingham, W.E. Stumpf and M. Sar

Allan Memorial Institute of Psychiatry, McGill University, Montreal (Quebec, Canada) and Department of Anatomy,
University of North Carolina, Chapel Hill (North Carolina, USA), 2 November 1978

Summary. Autoradiographic studies with *H aldosterone demonstrate nuclear concentration of hormone in neurons of the
hippocampus, septum, allocortical regions and brain stem reticular formation and motor nuclei of cranial nerves and in the
meninges. The results suggest that mineralocorticoids have wide ranging effects on different parts of the central nervous

system.

It is now well established that cell nuclei of the central
nervous system are capable of binding steroid hormones
and that the sites of localization vary, depending on the
molecular structure of the steroid®3. 2 examples may be
cited. 1. Dihydrotestosterone, an androgenic metabolite of
testosterone incapable of aromatizing to estradiol, binds to
nuclei of motor neurons in contrast to estradiol for which
sensory neurons are target sites>*>, 2. Nuclear binding of
androgen and estradiol to cells contained in the hippocam-
pal formation, while distinct, is less pronounced than the
binding to cell nuclei of specific areas in the hypothala-
mus®’; in contrast, corticosterone, an adrenal steroid hor-
mone classified as a glucocorticoid because it primarily
effects carbohydrate metabolism, localizes in cell nuclei of
the hippocampal formation, but no such nuclear local-
ization within any of the cell aggregates of the hypothal-
amus has as yet become evident by radioautographic tech-
niques>%°. We have studied the nuclear localization of
aldosterone, the most potent representative of the 2nd
group of adrenocortical steroid hormones, classified as
mineralocorticoids because they alter electrolyte and water
balance and conclude that it also has a characteristic
distribution pattern, differing from that of estradiol but
overlapping in part with that of dihydrotestosterone and
resembling that of corticosterone, although with aldo-
sterone a more intense localization in rudimentary as com-
pared to postcommissural hippocampal structures and a
marked concentration in cell nuclei of the arachnoid are
noted.

Materials and methods. 5 weanling female Wistar rats were
adrenalectomized and maintained on 0.9% saline and food
ad libitum for 3 days prior to i.v. administration (1 pg/100 g
bwt) of 1, 2, 6, 7-°H aldosterone (N.E.N., sp. act.
90 Ci/mmole). 2 animals were injected with radioinert
aldosterone (100 pg/100 g b.wt) 5 min before administra-
tion of the tritiated compound. 1 h after injection of
radioactive steroid the rats were decapitated and the brains
frozen in liquid propane'. Sections of 4 um were thaw-
mounted onto slides coated with photographic emulsion,
Kodak NTB 3, then exposed for 2 months prior to develop-

ment in Kodak D19 and staining with methylgreen pyro-
nin. The relative concentrations of radioactive material in

Fig. 1. Autoradiogram showing nuclear localization of radioactivity,
after i.v. injection of tritiated aldosterone, in neurons of the
hippocampus anterior (a), indusium griseum (b), and postcommis-
sural hippocampus, area CA 1 (c). Exposure time 60 days, magnifi-
cation x 560.



