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CHAPTER 6
i ental S .
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|
Intzoduction. (

In previous experiments it was shown that DCA in large J

doses profoundly modified renal structure, and that the |

|
|

severity and extent of the changes produced in this way
varied according to the route by which the DCA was given
and according to the rapidity of its absorption, Later,
the action of hydrallazine on the kidneys of animals sube
jected to the DCA hypertensive regime was studied, and the
evolution of focal hemiglomerular necrosis demonstrated

under certain specific conditions,

In investigating the precise mechanism by which these

focal glomerular lesions were brought about stress was laid
on the possible influence of certain incidental effects of
hydrallazine, such as its convulsive action, and on the
possible role of anaesthesia in promoting a glomerulotoxic
action. (See experiments III{(a) and III(b), pages 224,
226 )¢ It was further suggested that the influence of DCA
in causing hypertension might be the crucial factor in

precipitating glomerular lesions = although in fact the most
striking lesion of malignant hypertension, fibrinoid
necrosis, was prevented by the very administration of
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hydrallazine which precipitated glomerular necroses, This
suggestion was investigated by subjecting animals to another
procedure known to cause hypertension , namely the applica=
tion of unilateral renal artery clamps, and injecting them
in turn with progressively larger doses of hydrallazine
(experiment IV, page 232)

The same argument suggested that the role of DCA in
the evolution of glomerulonecrosis might be more clearly
defined by substituting steroids with similar actions in
comparable experiments, In this way, it was thought that
it might prove possible to detexmine the importance of the
action of DCA on electrolyte balance, in a manner similar
to the use of "renal"™ hypertension in experiment IV to
define the importance of an action on the blood pressure

mechanism,

With this aim in mind, it was decided to examine the
effect of hydrallazine on the kidneys of animals subjected
to the action of other steroids with certain properties
similar to those of DCA, For this purpose 9 o -fluoro=~
cortisol and cortisone were chosen, Each of these was
known to influence body electrolyte regulation, It is
known that cortisone may cause hypertension in certain cire

cumstances in experimental animals, while 9 (-fluorocortisol
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is noted for the potency of its action on sodium exeretion,
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Zpezigent V (o)

(Animal groups 19, 20, 34)

The experiment was performed in two parts, In the first
part (animal greup 19) 9 o(-fluorocortisol was given in ine-
ereasing doses %o a group of rats maintained on 1% sodium
chloride solution following unilateral nephrectomy. The
animals were given salt in place of drinking water. A
further group of animals (greqp 20) was subjected to unilate
eral nephrectomy, given salt to drink, and injected daily
with 9 (. fluorocortisol: in addition these animals were
treated by the daily injection of increasing amounts of

hydrallazine,

In the second part a further group of animals was given
daily injections of 9 o( fluorocortisol and, later, injece
tions of increasing amounts of hydrallazine, but were not

subjected to previous unilateral nephrectomy and were not

given salt.

Szoup 19

Materialss
Pour male and four female albino Wistar rats of a
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|
| Laboratory bred strain were used, They weighed 90 = 120 g, f

|
| They were maintained in a manner which did not differ sig-

|
'nificantly from that used in the case of the animals of

' earlier experiments,

i 9 A-fluorocortisol was used in the form of a 0,025%

| oily suspension, Later an aqueous suspension with traga=-

'canth was found more simple %o handle,
|

|
| liethodss

| Unilateral (left) nephrectomy was performed by the |

' standard procedure {Appendix 2, Volume II),
|

| Histological methods employed at the close of the

lexperiment did not differ from thos of earlier experiments,
|

|
- Ezoceduges

|i Following left nephrectomy, 1% sodium chloride
" solution was substituted for drinking water and daily injec-
rtions of 0,1 ml, 9 &-fluorocortisol started (0.025 mg.)

| by the intramuscular route. Blood pressures and weights
\were recorded weekly, or as often as was possible, The

j amounts of 9 o-fluorocortisol was gradually increasedy and

‘ at the end of the experiment (after 5 weeks) the dose had
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| |
|risen to 0.2 mg, At this time the animals were killed by
ibleeding under ether anaesthesia, and tissue collected for |

! histological examination,

/ Group 20. |

| latezialss |
|

|| Four male and four female albino Wistar rats of a
[laborataw bred strain were used, weighing 30 = 60 g, They |

' were maintained in the same way as those of the preceding /
’ groupe. [

-‘ 9 o(-fluorocortisol was used in the form of a ’

| 04025% aqueous suspension, |

| |
‘ Hydrallazine was used as a 2% solution, each steri.‘l.o(

| ampoule containing 20 mg, in 1 ml. |
[
|

| |
| lsthodss ’
| Unilateral (left) nephrectomy was performed by the /

‘standard procedure (Appendix 2, Volume II). ‘J

| |

Serum electrolytes were measured by flame photo=

i

[ ¥

‘-‘"metar-.

' |

|
|

r Blood pressures were recorded by tail

J



|
| I |

|plathyamcgraph (Appendix 4, Volume II),

i Histological methods used at the end of the exper=- |
|

Jiment were identical with those used in earlier experiments. |
| |
‘ 1
|

|

| Pzogedues |

_! Following left nephrectomy, 1% sodium chloride was |
| |

faubstituted for the drinking water and daily intramuscular ‘

‘1njaﬂtlons of 0,1 ml, of 0,025% suspension of 9 o(-fluoro= |
‘cortisol were started, The amount given was similar to i

|
'that used in the preceding group of animals and rose to
‘0.2 mgs daily at the close of the experiment, Beginning

ione week after the operation, increasing amounts of hydralla-‘

zine were given by single daily intramuscular injection,

‘starting with 0,1 ml. (2 mg.) and increasing gradually to

| |
|4 mg, daily after five weeks. The five animals surviving |
|

' for this time were then killed by bleeding under ether .'

‘anaesthesia and the principal organs subjected to histologi= |

|cal examination,
| |

QM |
|

| Magerial:

Four male and four female albino Wistar rats of
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of a laboratory bred strain, weight 80 = 120 g., were used.
They were maintained in circumstances which did not differ

significantly from those of animals in previous groups.

9 A-fluorocortisol was used in the form of a

0,025% aqueous suspension,

Hydrallazine was used as a 2% sterile solution.

lethods:
Blood pressures were recovded by tail plethysmo-

'graph (Appendix 4 , volume II).

Histological methods used were identical with

|these of previous experiments.
l

Serum electrolytes were recorded by flame photo~

meter,

Brogeduze:

Injections of imreasing amounts of 9 oL- fluoro=

cortisol were given daily by the intramuscular route, begin=-

ning with an amount of O,1 ml, (0.025 mg.) and increasing

more slowly than in the previous experiments to a dose of
0.3 ml, (mg. 0.075) after three weeks, At the same time
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!hydrallazine in increasing amounts was also given daily

lintramuseularly, starting with ml. 0,05 (mg. 1) and pising
|

[I after three weeks to mg, 6. At the end of this time the
animals were killed and the organs subjected to histological |

examination.

|
| Results:

Broup 19

Blood pregsure: (Text Fig. 26, Table 82)

No significant change in blood pressure levels was

| detected in either male or female group.
|

J

Welghts (Text, Fig. 27, Table 83)

For the first four weeks of the experiment the

weight of both male and female groups remained almost con=
i stant, neither decreasing nor showing the normal age in- =
| crease, After this time a rapid decline in weight began

|
| and gontinued until the time of death.

(Table 84)

The mean heart weight was 0.54 g., and the mean
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Date

Rat 20,1057 30,1057 4611657  Tolle57 14,1157 21.11,57  27,11.57
Male
% 122 128 124 120 127 155 62
2 132 94 127 126 115 110 82
3 % 134 138 118 128 132 a
Mean 115 119 134 121 123 132 78
Female '
1 112 149 119 123 126 105 146
2 78 56 119 126 138 155 82
3 129 118 130 124 114 98
A 101 115 119 121 118 103
Mean 105 119 122 123 124 115 114
Grand
Mean 110 119 128 122 123 123 93




200

Wt. in grams.

- 12 =

Text Figure 27.

GROUP ®

- — s - \
o X -
-. e N\ Males -
AN, ..
s N e N Females ——.
N/ Ty "
/ N T ean
N
My
N
| 2 3 4 5 6 7 8

TIME IN WEEKS



Experiment V(a),  Animal Group 19,
WEIGHTS,
Date
Rat 26,1057 30.10.57  A4edle57  TelledT  1hWALST 21,1157 27,1157
Male
1 95 105 95 100 120 150 85
2 145 145 145 145 145 112 9
3 108 112 110 115 110 118 120
Mean 116 121 117 120 125 127 100
Female
) § 112 145 20 2% 20 87 83
2 85 115 110 110 105 108 83
3 122 85 75 125 110 109 65
4 0 9% 85 85 20 80
Mean 102 109 2 104 9% 96 77
Grand
Mean 109 115 108 112 108 112 a8




Males  Weight R.ildney Heard

Serun Sodiunm

Seram Pobagaium

8o g g ng./100 ml. .Bae/1  mg./100 ml, m.Bq./1.

1 - - - - - - -

2 % 0476 0453 716 311.3 17.2 PAWA |

3 &5 0.70 0e54 540 2348 26,8 6.88

4 120 0.98 .0.60 550 23%9.2 21.5 5.51
Mean ®* 100 0.81 0,56 602 262 21.8 5.6
Pemales

1 - - - - - - -

2 83 0.61 0.57 520 226,0 17.0 436

3 a3 0.68 0,46 - - - -
_ & €5 0466 0453 500 21744 20,0 5412
Moan ® 77 | 0.65 0.52 510 222,0 18,5 Lo
:mf ® g8 0.73 0454 536 239.7 20,1 5,17

= Mean of survivors of experiment,



|

|
|
| - 15 -
!
|

 heart/body weight vatio 0s61)s The difference between
males and femsles was not significant,

Kidoey welonte

The mean weight of the kidneys at the end of the

| experiment was 0,73 g« and the mean kidney/body welight vatio
0,83, Agein the diffevence between the sexes was not
significant,

Sexun.gosdivms

Extremely severe disturbances in serum sodium
levels woze founds The mean serum sodium after five woeks
| treatment was 239,7 meEqs/1 (normal 135 = 145 meBqe/le)s
In the case of one male animal the level reaghed 311,3 m,
Eqe/les and largely as a result of this single observation |
the mean male sexum sodium wes considerably higher than the

f fomalos

!
! With the exception of a single male animal the
| levels of serum potassium fell within the nommal range

{mean 5.17 myEqe/les nozmal 3,5 = 5.5 meEqe/1.).
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Histoloalcal changest

Surprisingly few glomerular changes were found.
It was occasionally possible to detect slight enlargement |
of the tufts, but the severity of this change was minimal,
Tubular changes were largely restricted to the slight to
moderate dilatation of cortical collecting tubules, and the
intratubular protrusion of both cytoplasm and nucleil of the

epithelial cells of both proximal convoluted and of collecte
ing tubules, some of the cells of the latter also showing i
vacuolation, }

There was no ballooning of glomerular cells, no |

glomerular necroses, and no vascular changes,
Szoup 20

Blood pressures (Text Fig. 28, Table 87)

The mean blood pressure level recorded five hours
after the daily 1njec££on of hydrallazine was considerably
lower than in control group 19, Males and females did not |

differ significantly.

Weights (Text Fig. 29, Table 88)

As with group 19, there was a constant initial rise!

in weight, of equal degree in both sexes, coming to an end ‘




Key:

Slight (+)
Moderate +
Severe .
Extreme 4

GLOMERULAR AND
VASCULAR CHANGES

Females

3

4

Endothelial cell proliferation
Epithelial cell proliferation
Capsular thickening

Crescent formation
Tubularisation

Endothelial cell swelling
Enlargement of tufts
"Ballooning" of cells
Segmental tuft necrosis (acute)

n n

(subacute)
" " (fibrosed)
Transudative capillary change
Hyaline droplet change
"Explogive"” lesions

Fibrinoid arterial necrosis
Fibrinoid arteriolar necrosis

Arterial intimal hyperplasia
with elastic reduplication

(Autolysis)

(Autolysis)



Key: Slight

(+)
+

Moderate
Severe 4+
Extreme +4+
Males Rat Females
TUBULAR CHANGES 2 3 4 1 2 3 &
Dilatation of (Autolysis) (Autelysis)
a. prox.conv. tubules - - - - - -
b. thin Henle limb - - - - - o
c¢. thick Henle limb - - - - - -
d. diste.conv. tubules - e wn - - =
e. collecting tubules + + (+) - - + -
Cytoplasmic prolrusion - ++ -+ - e 4 (+)
PrOX.CONvV. pPTroOX,CONV, prox.conv, prox.coav., coll, Conv.& coll.
tubular cells. & coll. & eoll, & eoll. & coll. tubules
tubules tubules tubules tubules
Nuclear protrusion of
" n n i " ] n
tubular cells.
Vacuolation of epithelium (+) (+) (+) - - - -
of collecting tubules
Proteinuria - - - s (+) - =
Hyaline easts - - - - - - -

Hyaline droplet change
Necrosis

Regeneration
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Experiment V(a),  Animal Group 20,
BLOOD PRESSURES in pm./Hg.
Date
Rat 26,10,57 30,10.57 A.11.57 TedleST 1he1le57 21,11.57 29.11.57

Male

1l 108 P 84 81 109 117

2 R % 9% 91 111 93

3 96 112 85 99 109 83

4 88 129 84 9% 116 89
Mean % 109 87 R 111 5
Female

1 T4 89 85 89 106 123

2 100 114 81 100 114 125

3 9% 0 88 105 117 129

A 92 %y 9%, 87
Mean 20 97 a7 95 112 126
Grand
Mean 93 103 87 93 112 108
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TABLE 88

Experiment V(a). Aninal Group 20,
WEIGHTS IN GRAMS,
Date
Rat 26,10,57 30.10.57 4el1l.57 T.11.57 14.11.57 21.11.57 28.11.57
Male
1 45 54 50 50 70 75 60
2 43 55 55 45 65 68 70
3 42 50 48 55 50 57
4 btde 55 50 55 60 13
Meen 43 53 52 53 61 67 65
Yemale
1 40 45 50 50 70 65 55
2 43 47 45 45 60 75 60
3 s 42 48 55 65 63 63
& 47 43 50 50
Mean 43 I7A 48 50 65 63 59
Grand
Mean 43 48 50 50 63 67 62




TABLE -89,

erime up 20
T SUREME
Weight R.kidney Hear® Serum sodium Serum Potassium

Males mge/100 ml. m.Eq./l. mg./100 ml. m.Eq./1.

1 = o - - - - -

2 - - - - - - -

3 60 0.72 0,75 370 160.8 13.6 3.49

4 70 0.88 0,58 355 1543 15.4 3.9
Mean™ 65 0.80 0,66 362 157.0 145 3.72
Fomalea_

1 - - - - - - -

2 55 0.67 0.57 516 2ok 13.6 3.49

3 60 0.64 0445 460 200.0 14.5 3.75

4 63 074 0,57 590 256.6 18.9 4.83
Mean®™ 59 0,67  0.53 522 227.0 15.3 4.02
fie;n:d - 62 0,72 0,58 458 199.0 14.9 3.90

® Mean of survivors of experiment.
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| after four weeks and being succeeded by a fall which cone
| tinued to the end of the experiment.

(Table 89)

The mean heart weight at the close of the experi~ |
ment was 0,58 g., the heart/body weight ratio being 0,94%.,

The difference between the sexes was not significant,

Kidney weicit:

The mean kidney weight at the close of the experie
. |
ment was 0,72 g, the kidney/body weight ratic being 1,16%. f

The difference between thc sexes was not slignificant.

Sexum Sodiums

The mean serum sodium level at the end of the

| experiment was 199.0 m.Eqs/l., the measurements for the
; female survivors being significantly higher than for the
| male, (Normal 135 = 145 m.Eqe/1.)

Sexun petassiums

The mean serum potassium level (3.9 m.Eq./1.)




ifell within the normal range( 3.5 = 5.5 meEqs./1.). The

female levels were slightly higher than the male,

(Tables 90, 91)

Glomerular changes were slight and little differ~

ent from those of group 19, There was no evidence of tuft

necrosis, Patchy dilatation of the cortical eollecting
tubules was seen, accompanied in some instances by the
protrusion of cytoplasm and nuclei of both proximal convulue
tions and of collecting tubules inte the tubular lumina,
Occasional vacuolation of medullary collecting tubule cells
was recognised,

No vascular changes were secn, 1

(Table 92)

Small numbers of measurements only were made, but

| no evidence was obtalined that the blood pressure was influ=

enced by treatment. Hydrallazine appeared effectively to

J suppress any tendency for the pressure to rise, There

| was no sex difference in the response.




TABLE 90,

Key:

Slight
Moderate

S
B ggge

(+)
+

-
e+t

GLOMERULAR CBANGES

Males

N

Females
3

4

Endothelial cell proliferation
Epithelial cell proliferation
Cepsular thickening
Capsuler adhesions
Tubularisation
Endotheiial cell swelling
Enlargement of tufts
Segmental tuft necrosis acute
. . % gubacute
» . " fibrosed
Trangudative capillary change
Hyaline droplet change
"Explosive" lesions
Fibrinoid arteriolar nedrosis
Fibrinoid arterial necrosis

Arterial intimal hyperplasia
with elastic reduplication



Moderate +
Severe ++
Extreme e+

TABLE 9 Key: Slight (+)

Males T Femoles
TUBULAR CHANGES 3 4 2 3 4
Dilatation of

8¢ ProX.conv. tubules - - - - (+)

b. digb.conv, tubules - s - - i

Ce tbin Henle limb - - - - -

d. thick Henle limb - - ~- - -

e. collecting tubules - (+) - (+) +
Protrusion of tubular + - (+) + (+)
cyboplasm ProX.Conv.i collecting coll, tubules

collecting tubules prox.conv,tubules
tubules
Protrusion of nuclei (+) - (+) + (+)
Prox.conv.é& collecting collecting
coliecting tubules tubules
tubules
Vacuclation of collecting
tubular epithelium +* (+) (+) (+) (+)
Hyaline casts - - - > -
Hyaline droplet change - - - - -



Males 19.2.58 24.2.58

2 % 105
3 70 86
4 65 %
Mean 76 9%
Females
1 72 79
2 82 98
3 78 9%
4 20 110
Mean 81 97
Grand

Mean 78 9%




TABLE 93

; g Ani
WEIGHTS in grams.

Males 19.2,58 24.2.58

1 180 165

2 160 B 150

3 148 155

4 155 170
Mean 166 g. 163 g.
Females

: 3 125 135

2 120 125

3 115 134

4 135 142
Mean 124 134
Grand

Veal 145 _ 149




| Welghts (Table 93)
|

} No significant weight gain was detected during a
small series of observations; and no evidence of a signifi-

¢ant sex difference was seen,

(Table 94)

‘ The mean heart weight at the close of the experi-

ment was 0.99 g., the heart/body weight ratio being 0.7).

\There was no sex difference between these observations,

Kidney welghts

The mean kidney weights at the close of the exper-

|
{ iment were respectively 0,89 g. and 0.84 g. for the left

‘ and right kidneys. The kidney/body weight ratios were
|
| 0,63% and 0,59%, and the sexes did not differ significantly

j in this respect,

f
!

’ 1,) and was outside the range of normality (135 - 145 m.

The mean serum sodium level had risen (159 me.Eq./

Eqs/1)s The mean level for females, as in group 20, was

higher than for males.



TABLE __ 94 .

Experiment V(o). Animal Group 34,
BRMINA UREMENTS
Weight Heart Kidnevs Serum Sodium Serum Potagsium.

Males g g e mg./10C ml. m.Eq./l. mg./100 ml. m.Eq./1.

1 154 1.20 1.07 1.01 368 160,0 16.4 4e21

2 156 0.87 0.99 0.93 360 156.5 17.9 4459

3 154 0.9C 1.01 0,85 332 14ke3 19.2 4.91

4 169 1.40 0,92 0.91 360 156.5 20.5 5425
Mean 158 g. 1.09g. 0.992.0.92¢g. 355 154.3 18.5 LoTh
Females

1 120 0.93 0.75 0.77 365 158.7 15.9 4,08

2 122 0.82 0,75 0.72 400 1740 16.4 4e21

3 130 0.85 0,81 0,82 376 163.4 14.6 3.75

A 125 1.00 0,87 0,75 368 160.0 17.4 halb
Mean 124 g. 0.9 0.79g.0.76g. 377 164.0 16,1 412
Grand

Mean m Ee 0.993-. 0.89g.0. 848- 366 159.1 17:3 4043
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i Serum potasgiums:
I The mean serum potassium level at the close of
|
|
|

the experiment (4,43 m.Eq./1.) fell within the normal range,

| (3,5 « 5.5 meEqe/Le )y and there was no significant sex

| difference.

Higtology:  (Tables 95, 96)

Histologlcal changes were conspicuously absent,

There was no evidence of glomerular enlargement, or of |
glomerular necrosis and the renal tubules were apparently %

\ inta¢t. No vascular lesions were found.

Riseussions

The results of these experiments showed first

| that 9 ol-fluorocortisol did not cause renal changes similar

to thoseresulting from overdosage with DCA although the

alteration in terminal estimations of sodium, was very
| considerably greater; and, second, that treatment of these -

influence on sodium balance, reflected indirectly by
|

| animals with increasingly large doses of hydrallazine did
not result in renal lesions similar to those which follow |
the administration of hydrallazine to animals with DCA

overdosage.




Key: Slight  (+)

TABLE 95 , s T
Experiment V(a), Animsl Group 34e Extreme e
GLOMERULAR CHANGES 1 Me%es 3 P 1 Fg‘““ 3
Endothelial cell proliferation - - - - - - -
Epithelial cell proliferation - - - - - - -
Capsular thickening - - - - - - -
Capsular edhesions - . - - - - -
Crescent formation - - - - - - -
Tubularisation - - - - - - -
Enlargement of tufts - - - - - - -
"Ballooning" of tuft cells - - - - - - -
Segmental tuft necrosis (acute) - - - - - o -
- " " (subacute) - - - - & e "
" . % (fibrosed) - ~ - - - wr =
Transudative capillary change - - - - - - -
Hyaline droplet change - ~ - - - - -
Explosive lesions - - - - - - ..
Fibrinoid arterisl necrosis ~ - - - ~ - -
Fibrinoid arteriolar necrosis - - - - - - -
Arterial intimal hyperplasia - - - “ - g:gg:iz:ﬂd .

i
with elastic reduplication. aggregates of chromic infl tory

cells



Key: Slight  (+)
Moderate +
TABLE 96 o Severe b
Extreme 4
Males Females
TUBULAR CHANGES 2 3 2 3

Dilatation of

a. prox.conv.tubules
be thin Henle limb

c. wide Henle limb
d. dist.conv.tubulas
e. collecting tubules

Cytoplasnic protrusion of
bubular cells

Nuclear protrusion of
tubular cells

Vacuolation of collecting
tubule cells

Proteinuria

Hyaline casts

Hyaline droplet change
Necrosis

Regeneration
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In group 19, 9 A-fluorocortisol appeared to suppress

theless the retention of sodium was not reflected in an

‘1nerease of systemic blood pressure, nor in the production
!of oedema, A slight progressive increase in body weight
was noted, but this was ultimately succeeded by an abrupt
terminal loss of weight, Accompanying the slight overall

weight change, and the absence of influence on blood press=

ure, were minimal organ weight changes., In no instance
did the measurements suggest unusual hypertrophy of heart,
or hyperplasia of kidney, findings which accord with the

microscopic analysis.

Irrespective of the ultimate chemical explanation of
the mode of action of 9 {-flucrocortisel, the evidence
derived from this experiment indicated that this steroid
was much more potent than DCA in influencing sodium reten~
tion (at least as far as this is ieflected in alterations
in serum sodium levels) and much less potent in its influe
ence both on renal structure and on blood pressure, In
this context, the apparent discrepancy between the severity
of the renal changes caused by DCA and those caused by
9 of-fluorocortisol is noteworthy in view of the importance
Iattachad by many authors to the relationship bgtwean the
salt retention caused by DCA and its effect both on renal

normal body growth, while causing sedium retention, Nevere

|

/
r
r
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| structure and on blood pressure levels, There is some
evidence that this difference may be limited to certain

| species (Selye and iHall, 1943),

The evidence obtained from the earlier experiments
suggested that the role of hydrallazine in precipitating
| glomerular necrosis was perhaps related to the mode of
. action of slowly absorbed DCAs. 1% was therefore antici=
pated that 9 o(- fluorocortisol and hydrallazine would in=
fluence renal structure, The observations made with group |
19 suggested that this relationship is not a close one (as
far as renal structure and sodium balance in the rat are
concerned) and the discovery (group 20) that hydrallazine
did not react in 9 o(.fluorocortisol overdosage as it did

with excess DCA was not altogether surprising.

In analysing the results obtained in group 34, two
factors were thought to be particularly important, The
first of these was the shorter period of treatmenty the
| second was the lower dose of 9 o-fluorocortisol given,
chosen begause it was thought that the rapid terminal
weight loss in groups 19 and 20, and indeed the failure to
: gain weight appreciably during the experiment, were the

consequences of an excessively high dose.

The results confimmed that the lower dose did not
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| affect the renal response, but it should also be remembered !

|
| that unilateral nephrectomy had not preceded treatment, a |

!ehoiee of procedure made at the same time as the decision

| %o reduce the dose of 9 A -fluorocortisol and for the same

| ¥easgon.
|

Swmazy |
|
i (1) To investigate the role of DCA in the causation of

! the focal glomerular lesions which accompany prolonged use ‘

i of hydrallazine, other steroids with certain similar general

ﬁ properties were selected for comparison. ‘
| (2) The first, 9 ,/-fluorocortisol, which has an intense ;
| sodium retaining action, was used to examine the importance :

|
of the saltwretaining action of DCA in the pathogenesis of |

I the lesions precipitated by hydrallazine, .
| (3) It was shown that 9 o-fluorocortisol did not cause |
| glomerular, tubular or vascular lesions resembling those |
 caused by DCA in spite of its confirmed and intense action |
' on sodium metabolism ‘
(4) The influence of increasingly large doses of |
| hydrallazine on the kidneys of mimals given 9 KX .fluorocort= |
| isol was investigated. It was shown that focal glomerular |
' lesions were not produced, The experiment involved the |

study of two dosage schedules of 9 {-fluorocortisol neither
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of which predisposed to the glomerular«damaging action of
hydrallazine,




(Animal groups 17, 18) |

|
In the introduction to experimental series V reasons !
i were given for studying the relationship between the nature !
of the steroid and the modifying effeect of hydrallazine, ‘

| It was suggested that the glomerular necroses precipitated
by hydrallazine in the Mdneys of uninephrectomised animals |
| given excess DCA and salt might not be specifically the |
effect of DCA, but might be the result of an incidental
| disturbance, e.,g. on electrolyte metabolism or on blood

pressure, To investigate this suggestion, the effects of
¢ o fluorocortisol were studied (experiment V(a), page

4 )s In the present experiment, and the two which

followed it, the role of another steroid, cortisone, was

investigated in the same way, |

‘w' |
3 male and 4 female albino rats of a laboratory bred

. strain were used in each of groups 17 and 18, They
| weighed 100 =« 120 g. and were maintained in circumstances

|
| which did not differ significantly from those used in

I earlier experiments,
| |
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! Cortisone was used in the form of a wateremiscible

| suspension of the acetate each 10 ml, sterile bottle c¢one

taining 25 mg, |

| Hydrallazine was used as a 2% aqueous solution,

| Methods
|
|

Bilateral adrenalectomy was performed through lumbar
incisions, At the game time the left kidney was removed

by the standard technique (Appendix 2, Volume II),

|
|
‘ Blood pressures were recorded by tail plethysmograph

' (Appendix 4, Volume 1I),

Histological methods used in the examination of
material obtalined at the close of the experiment did not
differ significantly from those used previously,

Erogedure:

The left kidney and left adrenal wire removed through
a left lumbar incision and the right adrenal through a right
lumbar ineision, under ether anaesthesia, Following opera=
tion, the animals were injected with cortisone 2.5 mg,
| intramuscularly at once and each day thereafter. 1% soﬂiumj

chloride was substituted for the drinking fluid,
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| Beginning one week after operation the animals of
:group 18 were injected daily with increasing amounts of
hydrallazine by the intramuscular route, The amount given
| rose gradually from mg, 3 at the beginning of the experiment
Ito mgs 5,5 at the time of death one month later, No larger
| dose could be used owing to the extreme sensitivity of the
cortisonesmaintained, bilaterally-adrenalectomised animal

| to the action of hypotensive drugsy and in fact this exe
!periment had to be terminated somewhat sooner than planned
' owing to rapid weight loss and a high spontaneous mortality

rate,

At the end of the four weeks period of treatment the
!animals were Killed by bleeding under ether anaesthesia, andi
the blood so obtained used for the estimation of serum

| sodium and potassium levels, Tissue was collected from the

principal organs and submitted to histological examination,

Resulte

(Text. Fig, 30, Table 97)

A transient apparent rise in mean blood pressure

t during the early part of the experiment was succeeded by a
period during which the mean pressure fluctuated but did not |
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Text Figure 30,

140
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/ Males

UPPER LIMIT
OF NORMAL

Females ——-

Mean

3 4 5

TIME IN WEEKS



Date
Rat 8,11.57 16,11.57 20,11.57 25,1157
Male
1 121 131 110 116
2 116 139 151 149
3
A
Mean 119 135 120 133
Female
1 128 123 118
2 137 9% 139
130 114 130
4
Mean 132 111 129
Grand
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rise significantly, There was no sex difference in this

response.

Weights (Text Fig. 31, Table 98)

A steady decline in weight occurred throughout
| the experiment., The rate and severity of the decline was

similar for males and females,

Temminal measuvementsy (Table 99)
H H

The mean heart weight at the close of the experie
ment was 0.6l gay and the heart/body weight ratio C.70%.
| The ratio was higher in males (0,80%) than in females
(0,69%)

Kidney welghts

The mean kidney weight at the close of the experi-
ment was 0.89 ge., and the kidney/body weight ratio 1.01¥,
The ratio for males (1.14%) was higher than that for
females (0.93%).

Seaus sadiicy

The mean temminal serum sodium was 148.7 msEqe/ley




Wt. in grams.

200

Text Figure 31,

GROUP 7

Males ——
=Y _‘ T Females —.—.
Mean ..o
I 2 3 4 5 6

TIME IN WEEKS



Rat 811,57 16,11.57 20.11.57 28.11.57 6.12.57
Male
1 125 112 102 80 75
2 120 105 110 100 98
)
4
Mean 117 108 106 20 86
Female
1 106 98 110 110
2 102 115 8 85
3 % 9% 9% 69
&
Hean 101 102 98 88
Grand
Mean 117 104 104 9% 87




TABLE _ 99,

Experiment V(b), Animal Group 17,
TERMINAL MEASUREMENTS,
Mal Welght R.kidney Heart Serum sodium Serum Potassium
- e ge g. mg./100 ml. mn.Eq./l1. mg./100 ml. m.Eq./1.
1 - - - - - - -
(11.11.57)
2 - - - o - i -
3 75 0.87 0,63 346 150.8 19.8 5.06
4 98 1,11 0,76 320 139.1 24,6 6.32
Mean * 86 0.99 0.69 333 VWA 22,2 5,69
Females
] = - = - - - -
2 85 0.84 0.65 340 147.8 17.8 456
3 110 0.83 0.54 330 143.4 20,5 5425
A 69 0.79 0.46 374 162,5 18.8 4482
Mean ¥ 33 0.8 0.55 348 151.2 19.0 4.98
Grand
Mean ¥ 87 0.89 0.61 342 148.7 20.3 5.2

= Survivors only.



a figure just without the normal range (135 = 145 m.Eqe/le).

The female level was slightly higher than the male.

Serum potassiugs

The mean terminal potassium level was 5.2 m.Eq./le
a figure within the normal range 3.5 = 5.5 m.Eq./l. The
ficure for females was considerably lower than that for
males, and indeed the male mean (5.69 m.Eq./1) was just outw

side the normal range.

(Tables 100, 101)

Glomerular changes were extremely slighte: in
one tuft only was there hyaline droplet change; <the re=
mainder did not differ significantly from nommal, Occas~
ional collecting tubules were slightly dilated and some=
times both cytoplasm and nuclei of proximal convoluted
tubules could be seen protruding within the tubular lumina.
The blood vessels were intact.

(Text Fig. 32, Table 102)

There was little difference between the blood




Key: Slight

(+)

TARLE _10Q Moderate +
Severe ++
Experiment V(b), _ Animal Group 17, Bxtreme  +++
Males Pemales
GLOMERULAR._CHANGES 3 2 3 4

Endothelial cell proliferation

Epithelial cell proliferation

Cap sular thicken:’..ng

Capsuler adhesions

Crescent formation

Tubularisation

Endothelial cell swelling

Ballooning of tuft cells

Enlargement of tufts

Segmental tuft necrosis(acute)
" " " (subacute)
" " " (fibrosed)

Transudetive capillary change

Hyaline droplet change

Explosive lesions
Eibrinoid arterial necrosis
Fibrinoid arbericlar necrosis

Arterial intimal hyperplasia
with elastic reduplieation



Eey: Slight (+)

M Moderate +
Experinent V(b). Anim:1 Group 17, MatuRy. o
Extreme +++
- Males e femsles -
TUBULAR CHANGES 3 4 2 3 4
pPilatetion of _
a8. prox.conv.bubules o - - - -
b. thin Henle limb - - - - _ -
d. dist.conv.tubules - - - - -
o. collecting tubules - - {+) («) ()
Cytoplasmic protrusion of + + (+) - (+)
tubular cells Occasional Ugcasional V. occasional
prox.tubules proz.conve. PTOX. CONV,
tubules
Huclear protrusion of - * = i -
tobular cells. Occasional Occasional
proz.tubules prox.conv.
Proteinuria () - - - *
Hyaline casts - - - - (+)
Hyaline droplet change - R = - (+)
Eoginophilic
material in soue
prozs.tubules
Necrosis - - - - -

Regeneration - - - -
Some interstit- Some interstit- Some interstit- Some interstit-
ial proteine isl proteine- ial protein-con- 1al srotein-con-

conteining fluid conbaining fluid taining fluid taining fluid
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TABLE 102

Experiment V(b), Animal Group 18.
BLOOD PRESSURE IN mm./He.
Date
Rat 8411457 13.11.57 20,11,57 28.11.57 4el2.57
Male
: 3 123 128 109 127 119
2 113 142 107 148 119
3 124 126 109 125 119
4
Mean 119 131 108 133 119
Female
1 115 84 124 112
2 106 126 133 110
3 18 112 143 115
4 125 119 127 2
HMean 116 110 132 109
Grand
lMean 119 122 109 132 113




| group 17, No significant rise occurred, and the levels

| the experiment, The progressive welght loss observed in

| the nmrmai rise with age,

for females (0.52%), but the initial body weights for the
| two sexes at the beginning of the experiment were different,

| ment was 0.86 g, giving a kidney/body weight ratio of

- 53 = |

pressure response seen in this animal group and that of

for males and females did not differ significantly,

Height*  (Text Fig. 33, Table 103)

The mean weight, in spite of some fluctuation

among the individuals, remained almost constant throughout

group 17 was not seen, although there was no evidence of

(Table 104)

At the close of the experiment the mean heart

weight was 0.73 g., giving a mean heart/body weight ratio
of 0,62%. The ratio was higher for males (0,78%) than

Kidney weights

The mean kidney weight at the close of the experi-

0.74%. The value for males (1.0%) was significantly higher
|



Wt. in grams.

Text Figure 33,

200 GROUP 18
150
100
Males ——
Females ——
50 Mean ...
(o]
I 2 3 4 5 6

TIME IN WEEKS



TABLE 103

WEL 1_BRAMS.
Date
Rat 8.11.57 13411457  20.11.57  25.11.57  4.12.57
Male
L 9% 9% 113 120 110
2 120 110 127 115 %
3 125 115 128 125 85
4
Mean 117 106 123 120 97
Female
1 125 102 125 175
2 105 133 9% 145
3 120 145 115 105
4 130 155 114 120
Mean 124 134 112 136
Grand




eriment Vib). Anime 8
LERMINAL MEASUREMENTS.
Weight R.kidney Heart Serum sodium Serum Potassium

Meles g R g. ng./100 mli, m.Eq,/1. mg./100 ml. m.Eg./1.

1 - b - i - s -

2 106 0.96 0.75 346 150.4 19.6 5.01

3 &0 0.90 0,70 330 143.4 18.9 485
Mean * 93 0.93 0.72 338 146.9 19.2 492
Females

1 165 0.99 0.95 352 153.0 14.2 3.65

2 145 0.81 0.72 352 153.0 16.6 4426

3 % 0.75 0.59 360 156.5 21.2 5.43

A 115 0.78 D.66 352 153.0 18.9 485
Mean * 129 0.83 0.73 354, 153.3 19.8 455
g:::d“ 117 0.73 349 151.5 18.2 4467

0.86

% Means of survivors



- BT - |
than the value for females (0.65%)

Serum sodiums

At the end of the experiment the mean serum sodium

was 151,5 m.Eq./1., just outside the normal range (135~ 145 |

| meEqs/1s)s  The difference between males and females was

Blightt

. very slight, occasional intratubular protrusion of both ‘

Sexum potaggiums

The mean terminal potassium level was 4.67 m.Eq./1.
being within the normal range (3.5 = 5,5 m.Eq./1l.). The

difference between males and females was not significant.

liistological changes®  (Tables 105, 106)

The glomeruli were unchanged and did not differ
significantly from normal, In particular, there were no

glomexrular necroses, Tubular changes were slight, and

widespread, with minimal dilatation of the collecting
tubules; and occasionally of the convoluted tubules, and

- eytoplasm and nuclei of the proximal convoluted tubules, |

Occasionally protein was present within the collecting
tubules, |



Key: Slight

(+)

TABLE 105 Moderate +
= = Severe ++
e nt Vb 1 G Extrene o
Males Femeles
GLOMERULAR CHANGES 2 2 3

Endothelial cell proliferation

Bpithelial cell proliferation

Capsular thickening

Capsular adhesions

Tubularisation

Endothelial cell swelling

Enlargement of tufts

Segmental tuft necrosis(eecite)
" " " (gubacubte)
" » " (fibrosed)

Transudative capillary change

Hysline droplet change

Explosive lesion

Fibrinoid arteriolsr necrosis

Fibrinoid arterial necrosis

Arterial intimal hyperplasia
with elastic reduplication



Key: Slight (+)
TABLE 106, Moderate  +
Severe ++
Experiment V(b), _ Animal Group 18, Extreme +ee
Females Males
TUBULAR CHANGES 1 2 L 1 2 3
Dilatation of
a. prox.conv.tubiles (+) (+) (+) - - -
b. dist.conv,tubules (+) (+)‘ - - - -
e. collecting tubules («) (+) (+) - (+) -
Cytoplasmic protrusion of (+) (+) (+) (+) (+)
tubule cells (convoluted Prox.conv, Prox.conv, prox.conv,
tubules ) tubules tubules tubules
Nuclear protrusion of (+) (+) (+) (+) (+) -
tubule cells (convoluted proX.Conv,
tubules ) tubules
Proteinuria - - - - (+) (+)
Hyaline casts - - - - - -

Hyaline droplet change
Necrosis

Regeneration
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Riseussions

! Although previous observers have shown that cortisone,
i with or without added salt, causes systolic hypertension in
:adrenalectomised animals, the present experiment did not

‘ confirm this observation. The reason for this may be that
one kidney was also removed, Alternatively, and perhaps

| more likely, is the suggestion that the animals were too
 small: the severe systemi¢ disturbance caused by bilateral
| adrenalectomy and unilateral nephrectomy may have masked

i the blood pressure rise, A third explanation for the
failure of the blood pressure to rise significantly could
have been an excessive or an inadequate dose of cortisone.
' In this connection all that can be said is that the dose

used was the same as that recommended by previous workers

(Knowlton and Loeb, 19573 Ledingham, 1954),

i Irrespective of blood pressure changes, the renal

‘ histological response was conspicuously slight, and no

' significant glomerular lesions were seen., Tubular changes
- were of doubtful significance. This confirms previous
observations (Knowlton and Loeb, 1957). With the minimal
! renal morphological effects were changes in serum sodium

‘ and potassium which could not be accepted as significant

' although ogcasional individual measurements exceeded the

‘ normal range., The heart and kidney weights were not



|
|
|
|[ daw

I
'increased when expressed in terms of the body weight at

|
‘dﬁﬂth&

| The addition to this regime of increasing doses of
ihydrallazine exerted a certain ameliorating influence on
{these responses, Thus the mean body weight remained almost |
' constant instead of falling, while the mean blood pressure
ilevel of group 18 was considerably lower than of group 17,

EOrgan weightsy in terms of organ/body weight ratios, did
'not differ significantly from normal, while the levels of

Jserum sodium and of serum potassium measured at death fell
|

|almnst entirely within the limits of normal.

| Again, the influence of the added hydrallazine on

|
| venal structure was slight, No focal glomerular necroses

'were seen, and there was minimal alteration in tubular

:st:ucture.

! In the intexpretation of these results it must be
‘rememhered that rapid deterioration in the condition of the

|
{anlmals, and in particular an extreme gensitivity to the

hypotensive action of hydrallazine, prevented the adminis~

tration of doses of this drug as large as were used in
{earlier experiments, For the same reason it was not poss=
| ible to continue their treatment as long as with other

}experimentax groups. With these provisos, and with the
|
[
\
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realisation that it was not possible to substantiate the

action of cortisone on the blood pressure in (control) group

17, it may be stated that hydrallazine dogs not precipitate
1
ifueal glomerular necroses in cortisone~treated, bilaterally

|
| adrenalectomised rats maintained on sodium chloride followe

'ing unilateral nephrectomy.
|
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Experiment ¥ (¢)
(Animal groups 27, 28)

In the previous experiment the influence of hydrallazine
' was studied on the kidneys of animals previously subjected

to unilateral nephrectomy and bilateral adrenalectomyy the
!animals were maintained on daily injections of cortisone ’
with salt to drink, The conclusion was reached that hydralﬁ
lazine did not affect glomerular structure in these clircume |

| stances,
|

it was felt that an extension of this investigation
jwnuld be desirable because of the uncertain role of unie
!lataral nephrectomy in prejudicing the development of hypar-i
tension in animals given cortisone. At the same time it

| was decided to omit added salt from the drinking water |
rbecause of the observations of other workers that the hyper-i
tension due to cortisone evolves slightly more rapidly when |
| a sodium chloride solution is not substituted for drinking

water,

i The aim of this experiment therefore was to determine

| the influence on renal structure of increasing doses of

hydrallazine given to animals previously subjected to




bilateral adrenalectomy and maintained on daily injections

of cortisone acetate,

| Szoup 27

| Material:

Four male and four female rats of a laboratory
bred Wistar strain were maintained in circumstances which

did not differ from those of animals in the previous experie

ments.

Cortisone was used in the form of a sterile sus=

pension of the acetate, each 1 ml. containing 25 mg.

Hethodgs
Bilateral adrenalectomy was performed through

lumbar incisions, under ether anaesthesia.

Blood pressures were measured by tall plethysmoe~
graph under light ether anaesthesia (Appendix 4, Volume

II)s

Histological methods employed did not differ from

those of earlier experiments,




Progedurgs

Bilateral adrenalectomy was performed and the
animals maintained on daily intramuscular injections of
i2.5 mg. of cortisone acetate. Treatment continued for six
Iwaeks; at the end of this time the animals were killed by
bleeding under ether anaesthesia and the tissues submitted

to histological examination.

2@t (Text Fig. 34, Table 107)

Evidence of a rise in blood pressure was obtained
but the rise was not sustained and at no time reached the
upper limit of normality, Males and females responded in

a similar manner,

Weightt (Text Fig. 35, Table 108)

By contrast with the animals of group 17 (experi~-
ment V (b), page 39) there was a steady rise in the mean
weight from 62 g, after one week to 79 g. at the close of
| the experiment, The male animals increased in weight cone
siderably more than the smaller females, the respective

gains being 24 g. and 4 g,




BLOOD PRESSURE IN mm /Hg.
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TABLE 307,
BLOOD PRESSURES in mm./Hg.
Rat 6.1.58 13.1.58 1.58 8.1.58
Male
1 66 91 18 78
2 88 77 126 128
3 929 75 132 08
4 U4 89 126 -
Mean 82 a3 133 119
Female
p | 59 59 12 112
2 81 7L 118 110
3 79 81 106 115
4 8l 79 134 112
Mean 75 73 125 112
Grand Mean 78 78 129 115
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TABLE 108 |

eriment V

WEIGHTS IN GRAMS

Anim

Rﬂb 61!1.58 13.1.58 21.1058 25 .1058
Male
1 45 82 52 78
2 70 63 122 128
3 80 85 93 98
_ 4 65 90 87 52
Mean 65 80 83 89
Female
1 60 62 55 75
2 55 57 75 65
3 55 63 58 67
FX 65 54 55
Mean 59 59 58 63
Grand Mean 62 70 73 79
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(Table 109)

Heark weignts

The mean heart weight at the c¢lose of the experi-
ment was 0,62 g, and the heart/body weight ratie 0.58%.
The difference between males and females was slight, the

male ratio being 0,50%, the female 0,68%.

Kidney weights

The mean kidney weights at the close of the ex
periment were 0,45 g. and 0,53 g., and the kidney/body
weight ratios 0.45% and 0,49%. The weight ratios for the
male and female animals were respectively 0,37% and 0,63%,
As with the heart, therefore, the kidney/body welght ratios
are considerably higher in the females than in the male,
bearing in mind that smaller numbers of male animals sure
vived to the end of the experiment.

Serum godiunms
The mean serum sodium level at the ¢lose of the

experiment was 144,6 m,Eq./ls; a figure within the normal
range of 135 = 145 miEqs/ls Only a single male estimation
was available but this did not differ significantly from

the female,



TABLE 109 .

riment V al G "
TERVINAL VALUES
G be P
Rat Weight Kidneys Heart Serum Sodium Serum Potassium
€ g g. g. mg./100 ml. m.Eq./1 mg./100 ml. m.Eq./1
Male
1 (1.2.58) 52 0.51 0.60 0.52
2 (5.2.58) 62 0.36 = 0.34 |
3 (13.2.58)" 168 0.61 0.64 0.75 330 14344 19.4 496
L " ) 145 0.53 0.58  0.82 Insufficient
Femn
1 (28.1.58) - - - - - - - -
2 (13.2.58) 73 045 0.48  0.55 334 145.1 22 5.86™®
3( » ) 1  0.39 0.46 0.48 330 143.4 19.2 4.91
ikt ®_ ) 75  0.42 0.47  0.57 343 149.1 40.0™= 10,3
Mean 75 0.4l 0.47 0.51 336 145.9 19.2 4.9
Grand Mean™ 107 0.48 0.53  0.63 334 1446 19.3 493

® Survivors only *% 31ightly haemolysed



Sexum potasgiums

The mean level of serum potassium at the close of

. the experiment was 4.93 m.Eqe/l., a figure within the normal
' range (3.5 = 5.5 msEqs/1s). The male and female results

- again did not differ significantly, although only a single

male estimation was available,

Higtologlcal ghanges: (Tables 110, 111)

The glomeruli were virtually normal, Occasion=
ally it was possible to detect slight glomerular enlargement
~ but this was inconstant and of doubtful significance,
| Tubular changes were also inconstant, patchy, and minimal.
| In one animal widespread renal infection had destroyed all
| recognisable structures, In the remaining animals it was
noticeable that the brush borders of the proximal convolu=

ted tubules were unusually prominent.

In none was there evidence of glomerular necrosis

or of vascular damage.

Szoup 28
laterials

Four male and four female rats of a laboratory bred



Key: Slight (+)

TABLE 110 Moderate +
Severe ++
Experiment ¥(c), Animal Group 27, Extreme  +++
Male Female

GLOMERULAR CHANGES 2 3 4 1 2 3 F 3
Endothelial cell proliferation - - - - - - -
Epithelial cell proliferation - - - - - - -
capmlaé thickening -’ & o - & W -
Capsular adhesions - - - - - - -
Crescent formation - - - - - - -
Tubulerisation | - - - - - - -
Enlargement of tufts Occagional glomeruli are slightly enlarged
Ballooning of tuft cells - - - - - - -
Segmental Luft necrosis (acute) " - 2 - = = P

» . " (subacute) - - - - - - -

. . " (fibrosed) - - - - - - -
Transudative capillary change - - - - - - -
Hyaline droplet change - - - - - - -
Fibrinoid arterial necrosis - - - - - - -
Fibrinoid arteriolar necrosis - - - - - I -

Arterial hypoplasia - - - - - - -



Key: Slight

Moderate

Severe

Extrene

(+)
+
++
e

TUBULAR CHANGES

Fenales

Dilatation of
8. prox.conv.tubules
b. thin Henle limb
¢. wide Henle limb
d. distal conv.tubules
e. collecting tubules

Cytoplasmic protrusion of
tubular cells

HBuclear probtrusion of
coliecting cells.

Vacuolation of collecting
tubule cells

Proteinuria

Hyaline cegts

Hyaline droplet chaonge
Hecrosis

Regeneration

(+)

DIOX.CONYe

(+)

PrOX.CONV,

Some tubular
change due %o

fixation arte-
fact, |

*

PTOX.CoNv,

+

prox.conv,

Extengive infection
destroying rensl
structures

Brush borders unusually

prominent
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|Wistar strain were used, and maintained in a manner which

;did not differ from that of previous experiments,
|

Cortisone was used in the form of a sterile suspension

of the escetate, each 1 ml, containing 25 mg.

Hydrallazine was used as a 1% solution, each 1 ml,

‘ampoule containing 20 mg.
|

|

ligthodsg?

Bilateral adrenalectomy was performed through lumbar

ingisions under ether anaesthesia,

Blood pressures were recorded under light ether anaes~

thesia, by tail plethysmograph (Appendix % Velume 11}

Progeduxes
Bilateral adrenalectomy wes performed and the animals

maintained on daily intramuscular injections of 2,5 mg. of
cortisone acetate, Four days after operation the daily

intramuscular injection of increasing amounts of hydralla=

 zine was begun, starting with 1 mg., daily but rising little

| after six weeks owing to the extraordinary sensitivity of
| adrenalestomised animals to the hypotensive action of
hydrallazine. At the end of the six weeks period of



| - 76 =
|

|treatment the animals were killed by bleeding under ether
|anaesthesia, and the tissues submitted to histological
examination,

Resuliss

Blood pressuret  (Text Fig. 36, Table 112)

| The hydrallazine effectively suppressed any tende
i
| ency which may have exlsted for the blood pressure to rise,
}and the mean blood pressure during the four weeks of obser-
|

| vation showed a slight overall fall, There was no differ=
|

'» *
iance between the male and female response.
| :
|
Lits (Text Fige 37, Table 113)

Throughout the four weeks of the experiment the
mean weight rose steadily from 52 g. to 65 g, Male and
female weights rose in parallel, although male animals were

consistently heavier.

(Table 114)

é The mean heart weight at the end of the experiment
was 0,66 gy and the heart/body weight ratio 1.01%., The
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GROUP 28
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Mean
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TIME IN WEEKS



112,

TABLE

riment V

BLOCD PRESSURES in mm./Hg.

Animal G

28.

Rat 6.1.58 13.1.58 21.1.58 26.1.58
Male
1 84 98 78
2 92 87 82
3 82 83 87
4
lean 86 89 82
Female
h | 70 79 88
2 30 84 72
3 78 78 68
4
Mean 76 80 78
Grand Mean 8l 84 80
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Text Figure 37,
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TABLE 113 .

ent Vie 8.
_MWEIGHTS IN GRAMS
RAT 6.1.58 13.1.58 27.1.58
Male
1 55 58 50
2 60 75 80
3 45 50 80
4
Mean 53 61 70
Fem
1 50 54 50
2 55 58 64
3 50 52 70
4 (45)
Mean 52 55 61

Grand Mean 52 58 65




|
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:differanee between males (1.09%) and females (0,96%) was
Blight-

Kidney weights

‘ The mean kidney weights at the end of the experie
ment were 0,73 g, and 0.75 g., and the respective kidney/

‘ body weight ratios 1,12% and 1,16%, The mean male ratios
' were higher than the female (1,24% and 1,3% against 1.01%
and 1,01%) but these differences were of doubtful signifi-

cance owing to the small number of observations.

Sexum_godiume

The mean serum sodium level at the close of the
experiment was 171.3 m.Eq./l., considerably above the upper
| 1imit of the normal range (135 = 145 m,Eq./1.). This rise
was almost entirely due to the much greater rise in mean
male values {184.5 m.Eq./1.) than in female (145,1 nx..!iq./l.),i

but only a sipgle female measurement was available for come

| parison,

Serum potassiums

Only small numbers of measurements were available
for comparison but the mean was considerably raised (6.78 |

|




TABLE 11/ .

eriment V(e i up 28.
TERMINAYL, VALUES
Weight Kidneys Heart Serum Sodium Serum Potassium
Rat 2. 2o g. g mg./100 ml. m.Eq./1 mg./100 ml. m.Eq./1
lale
1 (2.1.58) - - - - - - s i
2 (26-1058) 50 P - - - - - -
3 (27.1.58) 80  0.77 0.89  0.57 490 174.0 2445 6.30
L( = ) 80 0.78 0.75  0.89 450 195.0 30.0 7.70
Mean = 63 0.78 0,82 0.69 425 184.5 27.2 7.0
Female
1 (7.1.58) - 035 0.2 0.25 - - - -
2 (11.1.58) 50 0.35 ~ 0.21 B - - -
3 (24.1.58) 64 0.45 0.4 0«43 - - - -
4 (27.1.58) 70 0.91 0.95 0.85 334 145.1 247 6.35
Mean 2 67 0.57 0.69 0.64 334 145.1 24.'? 6.35

# Survivors of 26 days only included.
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' m.Eq./1.) and well outside the upper limit of noxmal (3.5 =

| 4.5 m.ch/l-)

(Tables 115, 116)

Histological changes were slight, No glomerular
# lesions were seeny and the tubules showed only slight, ocaa-‘

‘ sional cytoplasmic protrusion within their lumina. The |
] .
brush borders were again unusually prominent. ‘

J Bilateral adrenalectomy with tap water to drink, and ‘
cortisone by daily injection did not influence the renal
struetural response to hydrallazine. Other re#ctions were ‘
observed, c.g. the weight rose steadily in group 28 whereas |
in all previous groups {17, 18 and 27) there was either a %
constant fall, or no significant change. The group treated
| with cortisone only (group 27) differed only slightly from i
. that given cortisone and hydrallazine; it cannot be con= i
cluded that hydrallazine was responsible for the precipita=- f
|

tion of any significant renal structural change.

As in group 18 (and its control group 17) no evidence |
| was obtained to show that cortisone gensitized the kidney ‘
to the action of hydrallazine. In this way its reaction




Key: 8light (+)
Moderate +
Severe P
Extreme +++

GLOMERULAR CHANGES

Endothelial cell proliferation

Epithelial cell proliferation

Capsular thickening

Capsular adhesions

Crescent formation

Tubnlarisation

Enlayrgement of tufts

Ballooning of tuft cells

Segmental tuft necrosis (acute)
" " " (subacute)
n " ®  (fibrosed)

Transudative capillary change

Hyaline droplet change

Fibrinoid arterial necrosis

Fibrinoid arterielsr necrosis

Arteriel intimal hyperplada with

elastic reduplication



Key: Slight (+)
Moderate +
TABLE 116 , Severe  ++
Extreme  +++

Males Females
TUBULAR CHANGES 3 4 1 2 3 4
Autolysie
Dilatation of
a. prox.conv,btubules - - - - - -
c. wide Henle limbs - - - - - =
d. dist.conv.tubules - - - - - -
6. collecting tubules - - - - - -
Cytoplasmic protrusion of Occasional very slight cytoplasmic
tubular cells protrusion
Nuclear protrusion of Brush borders unusually prominent
tubular cells
Vacuolation of collecting
tubule cells - - - - - -
Proteinuria P - - = = N
Hyaline casts - - - - - -
Hyaline droplet change - e - - - -
Neerosis - - - - - -

Regeneration - - - - - -
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resembled that of 9  fluorogortisol, Minor and ingonstant
electrolyte disturbances were found, but the ultimate

effect on renal structure was slight.
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| (Animal group 33)

f In experiments V(b) and V(e) it was impossible to cone |

} firm the observation that adrenalectomised rats respond to |
|

hypertension, Under these circumstances, the damonstration!
that large doses of hydrallazine did not cause focal glom= :

T daily cortisone injections by the development of sytolic

J erular necrosis was clearly open to the eriticism that it |
did not provide a valid comparison with animals given DCA, j
in terms of the blood pressure respofise. Before coneluding;
that hydrallazine and cortisone do not cause gignificant j

glomerular damage it was decided to study the influence [

of hydrallazine on animals given cortisone but not subjected[

! to adrenalectomy. '
| |
} The aim of this experiment therefore was to determine |

whether hydrallazine would cause focal glomerular necrosis |

in animals given excess cortisone, ,

lgtexials
4 male and 4 female albino Wistar rats of a laboratory

bred strain were useds They were maintained under circum=

stances which did not differ from thoseof peevious |



 experiments.

Cortisone was used in the form of a suspension of the |

| acetate, each 1 ml. containing 25 mg.

lethods

! Blood pressures were recorded by tail plethysmograph

Serum electrolytes were measured by flame photometer,

Histological methods were similar to those used in !

' previous experiments.

Procedures ‘
|

Injections of 2,5 mg. cortisone were given by daily
| intramuscular injection. Increasing amounts of hydralla= |
| zine were also administered intramuscularly, starting four
days after the cortisone and continuing for a peried of |
| nearly three weeks, The amount of hydrallazine given rose ;
from 1 mg. daily at the start of the experiment to 6 mg.

daily at its terminationg the cortisone treated animals }
| being very much less sensitive to the hypotensive action of ]
| hydrallazine than those previously subjected to bilateral

adrenalectomy (group 28, experiment V(c)) or bilateral




asdrensloctony with unilateral nephrectomy {group 18, experis
mont V(b)). !

After three woeks the snimals wero killed by bleeding |
undoy ether anacsthesiag the tissues were submitted to
histologicel examination, and the blood used for the estimae
tion of serum sodiue and potassium, |

e 80 »

{Table 117)

At the time of desth the snimals® meen wolght wes
128 gey the fomales being significantly smaller than the
malos, The mean heart wolght was 0.84 gey and the heart/
body weight vatho 0,668, The mesn kidney woights werve i
085 gey and 0,84 gey and the rospective kidney/body weight
ratios 0,66 and O.66%.

The mean serum sodium level was 148,84 meEge/le,
a figure just outside the nommal range (135 « 145 meiq./14).
The mosn sevum potassium level (4,96 meig./1,) lay within
the nosmal range (3,5 « 5.5 meBge/ls)e

{Tables 118, 11%) ‘

The structure of the kidneys was virtuslly nommsl,




Weight Heart Kidneys Serum Sodium Serum Potassium,
Males 8o g g. mg./100 ml. m.Eq./1l. mg./100 ml. m.Eg./l.
1 (18.2.58) 85 0.60 0.85 0.74 o - - -
2 (27.2.58) 143 0.9 0.97 1.10 345 150,0 17,7 454
3 n 154 0.92 0,92 1.10 340 147.8 20.5 5425
4 " 152 1.19 1,00 1.07 340 147.8 22.3 5.76
Mean * 149 0,91  0.93 1.00 341 148.8 20,2 5,18
Females
2 (27.2.53) 120 0.77 0.76 0.70 348 150.3 16.4 4421
3 n 88 0.72 0,70 0.60 3% 146.0 20,5 5,25
b . 115 0,92 0.90 0,80 147.8 18,7 4,80
Mean * 108 0.77 0.78 0.69 341 148.0 18,5 4275
Grand
Mean ¥ 128 0.84 0.85 0,84 341 148.4 19.4 4.9




Key:

Slight

(+)

Moderate +

Severe

++

Extreme +++

GLOMERULAR CHANGES

2

Females
3

Endothelial cell proliferation
Epithelial cell proliferation
Cepsular t.h:l.ckening.
Capsular adhesions
Tubularisation
Enlargement of tufts
Ballooning of tuft cells
Segmental tuft necrosis (escute)
" " " (subacute)
" " %  (fibrosed)
Transudetive capillary change
Hyaline droplet change
"Explosive" lesions
Fibrinoid arterial necrosis
Fibrinoid arteriolar necrosis

Arterial intimal hyperplasia
with elastic reduplication.



TABLE 119

Key: Slight (+)
Moderate +
Severe ++

Extreme  +++

TUBULAR CHANGES

2

Females
3

Dilatation of
a. prox.conv.tubules
b. thin Henle limb
¢, wide Henle 1imb
d. dist,.conv.tubules
@. collecting tubules

Cytoplasmic protrusion of
tubll}.ar cells

Nuclear protrusion of
tubular cells

Vacuolation of collscting
tubular cells

Proteinuria

Hyaline casts

Hyeline droplet change
Necrosis

Regeneration
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There was minimal intratubular protrusion of both cytoplasm
and nuclei in the proximal convoluted tubules, but these

changes were so slight as to be of doubtful significance,

No focal glomerular necroses were seen and the blood vessels

were intact.

Discussions

The results of this experiment serve to lend emphasis

| to those of the previous two groups, and confirm that the

action of hydrallazine on the kidneys of animals given

 cortisone is distinct from the action of hydrallazine on

the kidneys of animals given DCA, The conclusion is reached

'tomy influences the response, Welght is lent to the argu~

ment that the focal glomerular necroses found in animal

| groups 7, 10, 14 and 16 are determined spe¢ifically by the

action of DCA and greatly accelerated by the intermittent
administration of hydrallazine., There is no evidence to
suggest that other sterolds are effective in predisposing
the kidney to these changes in spite of similar actions on
sodium excretion or on the blood pressure. There is thus
indirect evidence to show that sodium retention per se is
not the property of DCA which leads the glomerulus to re=-

spond so acutely to the action of hydrallazine, This is

| that neither bilateral adrenalectomy nor unilateral nephrec~
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|
idifficult to explain since it has already been shown that
|
only those groups receiving salt to drink develop glomerular
' necroses. The influence of sodium appears to be indirect,

|
]perhaps exerted through its effect on the blood pressure

| regulating mechanism of the adrenal cortex.




Experimental Series VI

i In the development of focal glomerular necrosis

I

an uncommon response to the action of DCA. Salt, with or
iwithqut unil;texal nephrectoﬁy, was necessary for this de-
!vulopment. It was shown that similar lesions were not
.produced by steroids possessing either the salt retaining
- action (9 J-fluorccortisol) of DCA or an effect on blood

pressure {cortisone). In earlier experiments it was fur-

' ther demonstrated that the effect of hydrallazine on glomer=-

| ular structure was not due to the occasional production of
| convulsions, or to the use of ether anaesthesia for injec~

!tions, but was influenced by the frequency of injection.

To explain the importance of intermittent action in

- causing glomerulonecrosis an alteration of blood pressure

‘ regulation was suggested, Hydrallazine is known to have
!a prolonged action when given in large doses (Smirk, 1957;
iTripod, 1956), and the omission of a single daily injection
| each week might be expected to lead to episodic relaxation
| in the control of hypertension, This relaxation, it was

! thought, might cause a sufficient intermittent rise in

! blood pressure to induce focal glomerular necrosis, Simi-

' lar lesions have been deseribed in both severe experimental

hydrallazine appgared to act by expediting fhe evolution of
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' and in malignant type human hypertension, in both of which,

| however, the glomerular lesions have invariably been accome~

! panied by fibrinoid arteriolar necrosis. Nevertheless, |
| Pickering {1955) has emphasised that severe fluctuationsin
blood pressure do not always cause fibrinoid arteriolar

necrosis: phaepchromocytoma, for example; is rarely

i accompanied by this ¢hange,

i It appeared to the author that additicnal information
I might therefore be obtained about the mechanism causing the

' focal glomerular necrosis of hydrallazine intoxication by i

comparing its action with those of other hypotensive drugs.

For this purpose pentolinium and reserpine were selected ;
' and a third drug, compound 14179, became available by |
‘ chance, By administering these agents intermittently it i
was thought that the effect on blood pressure regulation in

| animals subjected to the DCA hypertensive regime might be

‘ expected to resemble that exerted by hydrallazine. The |
| difference in rate of absorption and of duration of action |
| of these other hypotensive drugs suggested that an inter-

mittent effect would be produced if they were given once !
| daily,  In view of thelr mere repid action, a total peried |

of treatment of four wekks was expected to be adequate,

The present experiment, therefore, was planned to test
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| the hypothesis that discontinuous hydrallazine administra=

| tion stimulates the appearance of focal glomerular necrosis

in animals subjected to the DCA hypertensive regime by
allowing periodic relaxation of blood pressure control,

and thus of intermittent episodes of hypertension,




strain wore maintained in conditions whish did not differ
significantly from those used in cariier experiments,

DOA was used in the form of & 1,294 squeous suspension

with tragasanthe.

Pantoliniua tartrate (Ansolysen) was used a¢ 2 1Y
squecus solution, diluted from stock and stored at + 4° C.

. lakhodas

Unilatersl (left) nephrectomy was performed by the
standsxd procedure (Appendix 2, volume 11),

Blood prossures were rocoxded by tail plethysmogpaph
(Apperutix 4, Volume 1I),

Histological methods used were identical with tigee

sployed in previous experimenta,
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Exocedure:

Following left nephrectomy, 1% sodium chloride solution
' was substituted for the drinking weter and daily intramuscus

lar injections of the DCA suspension beguns 3.1 mg. was
injected daily. |

Beginning 7 days after the operation, 0.05 ml. of the
| 0,05% solution of pentolinium tartrate (0,025 mg,) was ine
' jected once daily intramuscularly, After 4 weeks the

dose which was progressively raised had reached 1 ml,

At the conclusion of this period of treatment the
animals were killed by bleeding under ether anasesthesia and
blood submitted for estimation of serum sodium and potasse=

E ium,

{Text Fig. 38, Table 120)

The blood pressure, measured as in previous ex-
|per1mants 5 = 6 hours after injection, showed evidence of a
progressive rise during the 4 weeks of observation. Never-
' theless, the rise was slight by comparison with a control
‘groupa (group 25, experiment I(f) and did not exceed the
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Text Figure 38.
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Experiment Vi(s). Animsl Group 26,
BLOOD PRESSURE READINGS,
Rabt 7.1.58 28,1.58
Male
1 81 130
2 85 72
3 83 120
4 81 150
Mean 118
~Temsle
1 9% 136
2 75 146
3 73 148
F A 88
Mean 83 143
Grand

Mean 82 129




GROUP 26
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Text Figure 39.
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Rat 29,12,57 7.1.58 28,1.58
E: go ga
Males
1 100 105 180
2 90 80 123
3 86 85 130
'A 85 80 170
Mean 20 g8 151
Females
1 72 a5 145
2 68 20 112
3 9% 70 125
4 82 65
Mean 79 78 127
Grand
Mean 85 83 14
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upper limit of normal, The male and female responses were
not significantly different,

Helght:  (Text Fig. 39, Table 121)

The mean weight rose steadily during the experi-

ment from an initial level of 84 g, to a value of 140 g,

- afer 4 weeks, The males and females responded similarly

|

and in parallel.

(Table 122)

The mean heart welght at the close of the experie

ment was 1.17 g.s and the mean heart/body weight ratio

| 0.90%, The value for females (1,1¥%) was considerably

higher than for males (0.76%) but this must be interpreted
in the light of the slightly different survival times,

Kidney welghts

The mean kidney weight at the close of the exper=

| iment was 1.56 g., and the mean kidney/body weight ratio

1,28%, The difference in ratios between male (1.,13%) and
female (1.37%) was only slightly less than the difference




Rat Weoight R.kidney Heart Serunm Sodium Serum Potassium

g g g mg./100 ml, m.Bq./1. mg./100 ml. m.Bq./1.
Bale
1 (20.1.58) 68 1.05 0.90 - - ~ -
2 (4e2458) 115 1.30 0.85 - - - “
3 (4.2.58) 115 1.35 0.75 - - - -
4 (642.58) 156 1.70 1.35 350 152,1 16.1 4ol
Vean ¥ 129 1.45 0.98 350 152.1 16.1 4o14
Female
1 (6.2,58) 132 1.55 1.15 368 160.0 18.6 T 4T
2(* ) 112 1.75 1.45 341 148.2 19.7 - 5404
3(* ) 142 1.95 1.50 336 146.0 & = 4439
4" ) % 1.35 1.18 3 163.8 21,7 = 5456
Mean * 120 1.65 1.2 35 154.0 19.3 4e%
Grand
Mean ® 12 1.56 1.17 354 153.0 18,8 478

® Survivors only mx Slightly haemolysed.
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in the heart ratios.

Sexum_sodiums

The mean serum sodium at the end of the experi-
ment was 153,0 meEqs/ley a figure outside the normal range
of 135 = 145 meEqge/ls The difference between males and
females was slight, but only a single male observation was

available for analysis.

Sezum potassiums

The mean serum potassium level at the close of
the experiment was 4.78 m.Eq./l., a figure within the normal
range (3,5 = 5.5 meEqe/ls). Again, the difference between

males and females was not significant.

g: (Tables 123, 124)

Glomerular changes were slight. There was generalised
enlargement of the tufts. By comparison with control group
25, experiment I(f), the effects were strikingly modified.

' No fibrinoid or other vascular lesions were seen, and it

appeared that the hypertensive effects of DCA had been



Bexs

Slight

(+)

Moderate +

sSevere
Extreme

4
++e

GLOMERULAR CHANGES

= =

Endotheliel cell proliferation
Epithelial celi proliferation
Cepsgular thickening
Cepsular adhesions
Tubulevisation
Enlergenment of tufte
Bellooning of tuft cells
Segmental tuft necrosis (ecute)
1 ] " (mbacuto)
®. . ® (fibrosed)
Transudative capillarychange
Hyaline droplet change
Fibrinecid arterial necrosis
Fibrincld arteriel:r necrosis

Arterial intimal hyperplesia
with elastic reduplieation

(+)

(+)

(+)



Key: Slight

(+)

TABLE 124, Moderate
Severe ++
Extreme bt
Male Female
TUBULAR CHANGES 1 2 L 1 2 3 A
Dilatation of Autolyels
a. prox.conv,tubules - - - - - -
be thin Henle limb - - - - - -
¢, wide Henle limb - - - - - -
d. dis‘b.COnV.tubﬂles - ("') ) - - -
@. collecting tubules (+) (+) + (+) (+) (+)
Cytoplasmic protrusion in - (+) + - - (+) +
tubular cells conv.ieoll. conv.&ecoll, prox.conv, conv
& 0011o &coll
Nuclear protrusion in tubular - (+) * - - (+) +
cells conv.&colls. conv.&coll. conv.&coll., conv
& coll

Vacuolation of collecting tubule
cells

Protieinuria

liyaline cests

Hyaline droplet change
Necrosis

Regeneration
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| ,
almost completely annulled, By contrast, electrolyte i
|

|
| disturbances, including the enlargement of tufts and cell i

| .
‘ ballooning, were still present and were accompanied in some |
; instances by hyaline droplet change or by the transudation

‘ of protein=containing fluid into the subgcapsular space of

| the glomerulus,
|

| No foecal glomerular necroses were seen, There was ‘

| widespread slight to moderate dilatation of collecting .
i tubules, and minimal intratubular protrusion of both eyto-

l plasm and nuclei of both the convoluted and colleg¢ting ;

i tubules., The tubular changes as a whole were of similar |

\ character and degree to those seen in the corresponding groui

' (group 25, experiment I(f)) not treated with pentolinium, {

|

|

|

| There was occasional proteinuria.

- Disgussions

! In intermittent doses which maintained the mean blood }
pressure level within the limits of normal¥, pentolinium /

| was shown to cause consplcuous amelioration of the effects

| of DCA on renal structure, Fibrinoid necrotic lesions in J

é renal arterioles were almost entirely prevented, while the |

severity of the glomerular lesions was reduced, Glomeruli

Msee group 7, experiment II(d), page 156.
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undergoing the explosive lesion which accompanles severe

| DeA overdosage were not seen; and the ¢hanges were mainly

those of glomerular enlargement with only moderate cellular i

| ballooning.

However, in none of the kidneys examined were focal

glomerular necroses observed.

It may be concluded that intermittent administration of

- pentolinium tartrate by once daily intramuscular injection ‘

maintains the mean blood pressure within normal limits and
modifies the leslons caused by excess DCA, The lesions in
the kidney associated with severe hypertension are praventedi
while those which the author believes are the result of

electrolyte and fluid disturbance are not influenced, |

Nevertheless, intermittent pentolinium did not repro=
duce the glomerulonecrotic action of hydrallazine, In

earlier experiments hemiglomerular necroses were found most

frequently when DCA was given by slow subcutaneous absorpe |
tion. In the present experiment DCA was given by inter~
mittent daily injection and it is possible that this |

' modified the respense to pentolinium. Nevertheless, clear

evidence was provided that the single daily injection of

- pentolinium suppressed the most severe hypertensive lesions

caused by DCA and maintained the mean blood pressure within
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the limits of normal, The absence of focal hemiglomerular

necroses gannot therefore be attributed to an inadequate

| influence on the DCA hypertensive mechanism, and the experi-

ment provides evidence confimming that the stimulus to
glomerulonecrosis occurring during treatment with hydralla-

zine is a property not necessarily shared by other drugs

which influence blood pressure in DCA hypertension.
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|
|
Experiment VI (b)
!
| (Animal Group 35)
|
The observations made in the previous experiment were
continued and expanded in the present experiment in which
reserpine was used as a hypotensive agent in place of
pentoliniums The object of the experiment was to determine
whether hypotensive agents other than pentolinium would
- prove effective in inducing focal glomerular necroses of a
i kind precipitated by hydrallazine.

Material:

| 4 male and 4 female albino Wistar rats of a laboratory |
bred strain were maintained in circumstances which did not
 differ from those of previous experiments, The animals

 weighed 90 - 115 g,
DCA was used in the form of a 1,25¥% aqueous suspension,

Reserpine was used as a 1 in 25 aqueous solution of
the proprietary preparation "Serpasil", each 1 ml, of the
‘ultimate dilution containing 0.04 mg., of reserpine.
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Methods:

Unilateral nephrectomy was performed by the standard

|
' method (Appendix 2, Volume II),
|
Blood pressure was recorded by tail plethysmograph

|(Appendix 4, Volume II),
|

|
Histological methods used were the same as those

:employed in previous experiments,
|
xoseduzes
| Left nephrectomy was performed and daily injections
istarted of 3.1 mgs DCA, by the intramuscular route. 1%
' sodium chloride solution was substituted for the drinking |
lwater, and 4 days later daily intramuscular injections of
0.1 mi, (0,004 mg,) of the diluted reserpine were begun,
.InJectians were continued for 4 weeks in amounts increasing
gradually from O.1 ml. (0,004 mg,) daily to 1 ml. (0,04 mg.)
‘daily. At the end of this time the animals were killed
ghy bleeding under ether anaesthesia and the tissues sub-
'mitted to histological examination., Blood collected at
 necropsy was used for the estimatlon of serum sodium and

‘potasaium.
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Blood pressures (Text Fig. 40, Table 125)

The mean blood pressure rose slightly during
the period of observation but at no time exceeded the upper
. limit of normal. There was little difference between the

response of the male and of the female groups.

Haldgbts (Text Fig. 41, Table 126)

The animals of both sexes gained weight more
| rapidly during the early part of the experiment than in

the latter.

(Table 127)

Heart welahts

At the close of the experiment the mean weight of

the hearts was found to be 1.45 g., giving a mean heart/
body weight ratio of 0.97%. The corresponding figures

. for male and for female groups were respectively 1.54 g.

- and 1.0%, and 1,36 g. and 0.94%.



BLOOD PRESSURE INmm/Hgq

140
".“-"h
7 s
1301 _/‘ it OO
4 Tl
7 -..___
7 TR
g -
‘,.
120 o
7/
7
Kd
’ "'h_——-"'_-——»
10 £, S
Fo e N
I
ﬁ'/
1004
Males ----
Females —-—-
Mean --e
90.
80 I 3 3 4

GROUP 35

- 115 =

Text Figure 40,

TIME IN WEEKS



TABLE 125,
Experiment VI(b) Animal Group 35.

BLOOD PRESSURES in mm./Hg.

Rat 17.2.58 25.2.58 10.3.58
Males
1 122 96 141
2 90 | 118 94
3 94 98 109
4 114 136 90
Mean 105 112 109
Females
1 104 lo8 111
2 108 138 119
3 102 146 127
A 108 142 141
Mean 105 133 124

Grand Mean 105 122 116
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Text Figure 41,
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TABLE 126,

Experiment VI(b[ Animal Group 35.

iﬂ_!; GHIS L_ﬁj M ;

Rat 17.2.58 25.2458 10.3.58
Males

1 127 125 90

2 155 175 175

3 162 168 130

4 115 135 120
Mean 139 151 154
Females

1 125 140 175

2 117 145 135

3 132 130 150

¥ 2 117 135 125
Mean 122 g. 138 g. 146 g.

Grand Mean 130 g. 145 g. 150 g.




TABLE 127 ,

Experiment VI(b) Animal Group 35.

IMM MEASURE#ENIE
Heart Kidney ; o
Rat Welght Wedght Welght Serum ‘Sodiun Serum Potassium
(in grams) (in grems) (in grams) ng./100 nl. mig./1. ng./100 nl. m.Eq./l.
Male
1 190 1.90 1.40 357% 155.1 19.7 4e04
- o 175 1.50 1.94 345 15040 17.7 YR
3* 130 094 1.50 345 15040 17.9 4e59
A 120 1.84 1.92 370 160.8 16.0 4,11
Mean 154 Ee l.54 s 1-69 Ee 354 15349 17.8 4.07
Females
1 175 1.70 1.31 366 159.1 16.2 416
7 135 1.20 1.50 357 155.1 13.0 3.34
3% 150 0.91 1.80 366 159.1 1642 416
4 125 1.64 1.43 379 164. 7 (34.0) (8.73)
Mean 146 Ee 1036 e 1.51 Ze 367 159.5 1511 3'88
Grand Mean 150 g. 1.45 g 1.60 g. 360 156.7 16.7 4413

% Evidence of generalised pyaemic abdominal infection with liver involvement.

# Pericardial oedema.

® Specimen haemolysed.



Kidney weldhts

‘ The mean kidney weight was found to be 1,60 g,

' and the mean kidneyfbody weight ratio 1.06%. The mean

‘ male kidney weight was 1.69 g., with a kidney/body weight

| ratio of 1,1%; the mean female kidney weight was 1.51 gy
' with a kidney/body weight ratio of 1,03%.

Sezum_sodiuns

The mean serum sodium at the close of the experi-
ment was 156.7 meEqs/ls, a figure considerably higher than
the upper limit of the normal range (135 = 145 m.Eq./1.).

There was no significant sex difference.

Sexun potassiums

The mean terminal serum potassium was 4.13 m.Eq./1.

'a figure within the normal range of 3,5 = 5.5 m.Eq./1.

(Tables 128, 129)

| Under the conditions of the present experiment,
| reserpine prevents the development of severe DCA renal
 lesions, Reserpine does not prevent the appearance of

‘cbllaeting tubular dilatation, intratubular cytoplasmic



WExplosive" lesions
Fibrinoid arterizl necrosis
Fibrinoid arteriolar necrosis

Arterial intimal hyperplasia
with elastic reduplication

Keys Slight (+)

TABLE 128 Moderate +

Severe ++

Experiment VI(b), Anipal Group 35, Extreme  +++
Malos " Females

GLOMERULAR CHANGES 1 2 3 4 1 2 3 4
Endothelial cell proliferation (+) (+) (+) (+) (+) (+) (+) (+)
.- Epithalial cell proliferation - - - - & i - -
Capsular thiclkening - - - - - == P =
Capsular adhesions - - = - - - - -
Tubularisebtion - - - - - - - -
Endotheliel cell swelling o @ - - - = - i
Enlargement of tufts (#)  (#)  (+) (+) (#)  (+)  (#) (+)
Segmental tuft necrosis (acute) - - - - - - - -
" " % (subacute) -~ - - - - ’ - ”
" " " (fibrosed) - - - - o i o -
Transudative capillary change - - - - - - - -
Hyaline droplet change - (+) - - = = - =



TABLE 129 ., KEY: Slight (+)

Moderate +
e Toup 35. me :"'"
TUBULAR CHANGES Males Females
' 1 2 3 4 1 2 3
Dilatation of
a. prox. conv, tubules - - - - - = =
b. thin Henle limb - - - - - - -
¢. wide Henle limb - - - - - - -
d. dist. conv. tubules - - - - - - -
e. collecting tubules (+) (+) (+) (+) (+) (+) (+)
Protrusion of tubuler cell cytoplasm Ogcasional Occasional, but
Pronounced in collecting tubules severe in collecting tubules.
Protrusion of tubular eell muclel Occasional Occasional.
Vacuolation of collecting tubule cells - - = - - - -
Proteinuria - - (+) - - o -
Hyaline casts - - - = = = ==
Hyaline droplet change - - - - - - -
lleerosis - - - - - - -
Regeneration - - -

Many small interstitial protein aggregates
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iprotrusion, and glomexular enlargement, all of which are
manifestations of DCA administration, Many small, intere
stitial protein aggregates are present but neither vascular

| fibrinoid change nor focal glomerular lesions are seen,

Discussion:

The severe effects of DCA overdosage are prevented by
reserpine, as they are by hydrallazine and by pentolinium,

.Lika the latter, however, and unlike the former, the pre=
vention of these severe DCA effects, thought by the author
to be the manifestation of the hypertensive fraction of DCA
overdosage, is not accompanied by the appearance of focal

hemiglomerular necroses,

This result lends weight to the suggestion that the
cause of the hemiglomerular segmental necrosis seen in rats
| given excess DCA is not simply a hload pressure response,
but is determined by some factor, perhaps an immunity
response, specific to hydrallazine and not shared by other
- hypotensive drugs which may nevertheless be equally effec=

| tive in controlling blood pressure changes.
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Experiment VI (c)

(Animal Group 31)

Through the courtesy of Ciba Laboratories Ltd. it was

' possible to obtain a small quantity of a new hypotensive

| drug, Compound 141793 related chemically to hydrallazine,

it had not been submitted to clinical trial but its hypo=
tensive activity had been studied in pharmacological exper= |
iments. It was decided to administer compound 14179 to
rats treated with DCA to determine whether it would influ-
ence renal structure in the same way as hydrallazine or

whether the effect on the kidney would resemble more closely

those of pentolinium or reserpine,

 Magerials

4 male and 4 female albino rats of the laboratory
Wistar strain were maintained in circumstances which did
not differ materially from those of animals in earlier

experiments,
DCA was used in the form of a 1.25% aqueous suspension,

Compound 14179 was used as an aqueous solution eath

2 ml, sterile ampoule containing 20 mg.



¢125-

lethods

Unilateral nephrectomy was performed by the standard
' procedure, (Appendix 2, Volume II),

Blood pressures were recorded by tail plethysmograph
| under light ether anaesthesia. (Appendix 4, Volume II)

Histological methods employed at the close of the
experiment did not differ from those used in earlier work.

 Bxogeduzer

Left nephrectomy was performed, and 1¥ sodium chloride
solution substituted for drinking water. The daily intra-
muscular injection of 3.1 mg. DCA was then begun, 5 days
after the operation the daily intramuscular injection of
increasing amounts of compound 14179 was started, beginning
with 0,1 ml. (1 mg.) and rising after 4 weeks to 2,0 ml,

(20 mgs)s At the end of this time the animals were killed
by bleeding under ether anzesthesia, and the %tissues sube
'mitted to histological examination. Blood was used for

|
the estimation of serum sodium and potassium.



Besultg:
Blood pressuret (Text Fig. 42, Table 130)
No significant rise in blood pressure occurred
during the experimental period, and at the termination of

the experiment the mean pressure was 101 mm.Hg. Males and
females did not differ in response.

fleights (Text Fig, 43, Table 131)

During the experiment a considerable rise in
welght occurred in both female and male groups. As with
the previous experimental group (group 35, experiment

' VI(e))s the rate of gain in weight appeared to decrease as

the experiment progressed.

(Table 132)

Heart welghts

At the close of the experiment the mean heart
weight was 1,41 g., with a mean heart/body weight ratio of
0.89%. The ecorresponding figures for the males were
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Text Figure 42,

GROUP 31
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Rat 13.2.58 2he2e58 10.3.58

Males
b & 94 -
2 72 104 109
3 82 102 99
4 106 og 107
Mean 88 101 105
Females
1 9% 85 95
2 78 90 80
3 92 9, 29
4 96 100 105
Mean 90 92 95

Grand Mean 89 96 101
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TABLE 131 .,

riment Ul(e Animal Grou 3
Rat 13.2.58 2442458 10.3.58
lales
1 140 150 165
2 175 164 120
3 110 148 160
A 155 160 155
Mean 145 158 165
P as
1 135 145 150
2 130 148 155
3 125 140 160
A 134 135 10
Mean 131 142 151
Grand Mean 138 150 158




1.3 ge and 0,79%, and for the females 1,51 g. and 1,0%s

| in the female.

Kidney welghts

The mean kidney weight at the close of the experi-
ment was 1,5} g., giving a mean kidney/body weight ratio of
0,96%. The corresponding figures for males were 1,61 g.

' and 0,92%, and for females 1.4l g. and 0.94%. These re~
‘ sults did not, unlike the heart weight, show a sex differ=

‘ ence.

Sexum sodiums

At the close of the experiment the mean serum

| sodium was 152,5 m.Eq./le, a figure outside the normal

| meEqe/1sy and for females 150.6 maEq./ls, figures which

{
are not significantly different.

| Serun potassiups

' The mean terminal level of serum potassium was
| 4,04 meEq./1, (within the normal range, 3.5 = 5.5 meEq./1.).
 The male group had a mean serum potassium (3.99 m.Eq./1.)

slightly lower than the female, but these figures do not
|

| a result showing a considerably more pronounced hypertrophy

| range (135 = 145 m.Bqe/1.). The level for males was 154.4



TABLE 132 .

Experiment V(o) Aninsl Group 31.
TERMINAL MEASUREMENTS
.Heax’t iﬁdrley O TR . 1,
Rat Welght Helght Veight Sk, Sodium Serun Potassium
(in gramf.’!) (in grm3) (m mﬂ) mg./lﬂﬁ nl. m-m./l- mg./lOU mle m-m-/l-
Maleg
1 165 1.10 1450 357" 155.1 13.5 3447
2 180 1420 1,90 366 15%.1 15.7 4+03
3 160 1.:‘30 1.49 34-9 lsj-o'? - 20.0 5'12
Vo 155 1,30 1.80 349 151.7 13.0 X 7 4
Mean 165 E= lUBO Ze lt61 Be 355 15404 15.5 3.%
Femnale _ _
1* 150 1450 1.70 336 146.0 14.5 3.73
2 158 1.90 1.20 3497 151.0 20.3 5,20
3 160 1.30 1.80 354 153.8 12.7 3.26
4 140 1.60 1.10 ud 151.7 16.4 4e21.
jean 151 g. 1.51 g. 141 g. 347 150.6 15.9 4el0

% Evidence of generalised abdominal pyaemic infection with liver involvement.
# Slight haemolysis.
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| differ significantly,

|

| Histological results:  (Tables 133, 134)
|
| group were the characteristic garly renal changes of DCA

|
‘ overdosage, These included enlargement of the glomerular

| tufts, dilatation of collecting tubules and intratubular

Throughout the kidneys of all animals in this

| cytoplasmic protrusion, By contrast, none of the advanced |

' changes due to DCA were present.

i Plgcussion:

‘ Within the limitations imposed by the duration of
| this experiment, it appeared that daily injections of
- increasing amounts of compound 14179, while suppressing the

| rise of blood pressure caused by DCA, prevented the evolu~ |
| tion of that moiety of the DCA renal lesion which is

! believed by the present author to be caused by the rising

‘ blood pressure,
|

|
f compound 14179 did not prejudice glomerular structure by

However, in spite of this action on blood pressure,

! causing hemiglomerular necrosis,

| It is possible that the duration of the experiment may
 have determined thls difference. Alternatively (and




PARLE 133 Keyt Slight  (+)

Moderate +

e A Severe *+

Extreme 4
Males Females
GLOMERULAR _CHANGES 1 2 3 A 1 2 3 4
Endothelial eell proliferation (+) (+) (+) (+) (+) (+) (+) (+)
Epithelial cell proliferation » “ " " s i ” "
Capsular thickening - B - - - - - -
Capsular adhesionsg - - - - - - - -
Tubularisation - - - - - - - -
Endothelial cell swelling (+) (+) (+) (+) (+) (+) (+) (+)
Enlargement of tufts (+) (+) + “ (+) + (+) +
Segmental tuft necrosis (acute) Doubtful - - - - - i -
lesion

n " " (subacute) - - - - - - - -
" " " (fibrosed) - - - - - - - -
Transudative capillary change - - - - - - - re
Hyaline droplet change (+) - (+) - = (+) - =

"Explosive" lesions
Fibrinoid arteriel neecrogis
Fibrinoid arteriolar necrosis

Arterial intimal hyperplasia
with elastic reduplication



Eeys ©Slight (+)
Moderate +
Severe +*
Extreme ¢4+

Males Females
TUSULAR CHATGES 1 2 3 4 1 2 3 4
Dilgtation of
8e pm.m.t&ﬁal&a - - - - - - - -
be dist.conve.tubules - - - - i - - -
Ce tbin He'ﬂ.e limb - - - - o - - -
d- tlhicl‘f Henle limb - - - - - - - -
e. colliecting tubules (+) («) (+) {+) (+) (+) (+) (+)
Protrusion of tubtular oytoplasm Occaslional Occasional
(particularly in collecting {particularly in collecting
tubtules) tubules)
Protrusion of tubular nuclei Occasionsl Occasional
Vacuolation of collecting tubule cells o = - = - - - -
Proteoimuria = - - (¢) - {+) - -
Hyaline casts - - - - - - - -
Hysline droplet change (+) {+) - {+) - (+) - -

Regeneration
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 perhaps more likely) from a comparison with other hypoten=
isivn drugs, is the suggestion that hemiglomerular necrosis
| in the kidneys of animals treated with DCA may be a manie

|
festation of treatment specific for hydrallazine., Thisg

:suggestion supports the idea that hydrallazine alone deter=
:mines hemiglomerular necrosis under these conditions,
iperhaps by acting as a haptene group, but it is contrary

| to the theory that hemiglomerular necrosis is caused

specifically by variation in blood pressure.
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The experiments described in this thesis have demon=
strated for the first time that the hypotensive drug
hydrallazine may modify the! moxphological changes produced
in the kidney by DCAy and precipitate widespread focal
hemiglomerular necrosis. At the same time, and incidente
ally, the experiments provide the only detailed published
study known to the author of the comparative influence of
hypotensive drugs on the rat kidney in experimental hyper- |

tension, |

No claim can be advanced to have reproduced the
renal lesions of disseminated lupus erythematosus. Never=
theless, the data provide evidence for the production of
changes which resemble those of disseminated lupus erythem= |

atosus more nearly than have those found in other experi=-

mental studies. ;

The majority of the renal changes found as the conse=

quence of treatment with liydrallazine have taken the form
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| of necroses of part of the glomerular tuft. The remainder

| of the tuft has almost always been normal, The affected

|
| glomeruli have been found scattered throughout the cortex

j of the invelved kidney, and investigation has provided no

! evidence that the lesions have involved nephrons of any of
the three principal varieties (McFarlane, 194l); neither

?has evidence been found to suggest that glomeruli with a

; particular variety of blood supply (e.g. those of the juxta=-

jmedullary zones) are especially liable to involvement.

Depending to some extent on the method by which animals

were killed, hemiglomerular necroses of this type have con-

!tained greater or smaller numbers of red blood cells, In

|
' some instances, where damage to the capillary walls in the

‘involved segment appears to have been particularly intense,
|

aneurysmal=like capillary dilatation has occurred, In

- almost all instances of this kind, however, the outline of

| the tuft, although displaced, has been intact, and the

:capillary basement membrane, defined by staining with the

' periodic acid-Schiff reaction, has been preserved. In many
| other cases the bulk of the involved segment has been occu- |
' pled by fibrinous material staining red with Picro-lallory,

' purple with phosphotungstic acid haematoxylin, bright pink

!with eosin and positively by the periodic acid-Schiff
'method, Red cells and fibrin have often been found lying
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|
|together among the remains of the damaged glomerular seg-

| ment.
|

‘kidney have been normal, None has shown fibrinoid necrosis,

In every instance, the blood vessels of the involved

‘In this, the changes have been in striking contrast to those
| described in malignant hypertension (Wilson and Byrom, 1939)
in which identical glomerular changes are always associated

‘with fibrinoid arteriolar necrosis,
|
In the same way there has been no obvious relationship

|between the frequency of glomerular damage and the intensity

iof other, particularly tubular, lesions, No evidence has |

' been found therefore to suggest that the lesion is one of

| the whole nephron, Occasionally, particularly when the

- glomerular lesion is large, part or much of the related

‘tubules showshyaline droplet change, It is particularly

gnoticeable, in those examples, that proteinaceous material

|lies within the tubular segments showing hyaline droplet

;change but not within the more proximal part of the same

' tubule or within the assoclated subcapsular glomerular
space, The evidence suggests in these instances that
;partial insufficiency of blood flow through the glomerulus
has led to localised tubular ischaemia, thus precipitating
hyaline droplet "“change"s; and that protein has either
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‘escaped directly into the tubule or has failed to be re-
Iabsorbed by the normal tubulare-protein reabsorption mechan-
ism (evidence for the existence of which has been derived

from isotope studies).
|
|
|

ing for difficulty in comparing glomeruli which have often

Many hemiglomerular necroses have been small, Alloww

been cut tangentially, iﬁ is still clear that the proportion |
i°f the tuft implicated in the damaging process varies con=- |
%siderably. Occasionally, the whole tuft appears to be
necrotic. This, hcuavér, is exceptional, and may in gsome

cases be axplainéd by tangential sectioning.

|

! In some kidneys it was possible to trace the evolution

?f the glomerular lesions through a stage of resolution to a

point at which the involved segment was represented by a fi=-

brous scar. In many examples, both segmental tuft replace-
ent fibrosis and acute necrotic lesions were present in the

same kidney. In some instances lesions of widely differing

kges were present in adjacent glomeruli, Segments at
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differing stages in the evolution of the necrotic process

were however never observed in the same glomerulus.

The conclusion is possible that the influence causing
the segmental necrosis is not only focal in activity but is
episodic in character. Alternatively it could be maine
tained that a continuously acting necrotising influence was

effective for example in only those glomeruli which for

' metabolic or vascular reasons had move or less of their

normal blood supply than usuals, Thus it is believed that

' many nephrons exist much of the time in a "resting" state,

- a fact accounting for the large renal functional reserve,

| As in the liver lobules the activity of the different

| glomeruli is probably determined by its blood supply, this

~ in turn determining, in these animals, the distribution of

the necrotic lesions,

In the course of the experiments described in this

thesis, attention was drawn to several factors, incidental

' to the experimental procedure, which might have determined

the occurrence of glomerular lesions. In comparing the



w142 =

animals of group 7, experiment II(d), for example, with
:those of the control group (group I(B), experiment I(¢))

it was clear that an untoward difference existed in their
'mode of treatment. Thﬁs. in group 7, daily hydrallazine
injections were given under ether anaesthesia. The sugges-

tion was advanced that the anaesthetic itself might either

‘precipitate glomerular damage directly, or might facilitate
iits occurrence., This possibility was excluded when it was

found that animals injected daily with an innocuous fluild,

‘'under similar anaesthesia, did not sustain glomerular

‘damage.

2. Convulsions.

A second factor distinguishing the groups with wide=-
;Spread glomerular lesions from those in the conirol groups
‘was the occasional occurrence, in the animals given large ‘
!doses of hydrallazine, of major epileptiform convulsions,

a reaction characteristic of hydrallazine overdosage in
idogs or rats. It was thought that the ocecurrence of these
‘eonvulsions might have caused the frequent glomeruli necro-
'ses by a non-specific action on the renal circulation, al=-
!though previous evidence that such a reaction may cause
:renal damage is not known to the author. The effect of

this mechanism was studied by observing the response of a
i :
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‘group of animals (group 32, experiment III(b)) to increase |
ilngly large doses of a convulsant drug, picrotoxin, It I
| was shown that the occurrence of convulsions did not, by |
‘1tse1f, cause focal glomerular necrosis, This finding con=
!firmed sporadic observations made in earlier groups of anie |
!mals of whom a significantly large nusber died from convul=

‘sions at an early stage of the experiment,

In gonsidering the aetiology and pathogenesis of focal
‘glamarular necrosis induced by hydrallazine, the influence

of these extraneous factors may, I believe, be discounted,

The possibility that hydrallazine exerted a2 direct

damaging influence on the glomeruli of rats was examined
(group 3, experiment II{a) and discarded, an observation
agreeing with all earlier observations on this topic made
!either in man or other mammals., The suggestion was also

| considered that unilateral nephrectomy, by lowering the
‘renal reserve, or by throwing upon the remaining kidney the
' additional metabolic stress of compensatory hypertrophy,
fmight predispose to the damaging action of hydrallazine,
‘Hydrallazine was given to unilaterally nephrectomised rats

‘1n doses corresponding to those given to animals of the



groups which developed focal necroses (Group 2, experiment
II{b))s. No evidence of renal damage was discovered, In
the same way it was thought that DCA itself might sensitize

the kidneys of otherwise noxmal rats to the necrotising

| influence of hydrallazine. Another group of animals
(group 11, experiment II{c)) were therefore treated with
DCA and with hydrallazine, and it was found that the com=
| bination of the two drugs alone exerted no influence on

the structure of the glomeruli,

| The conclusion was now inescapable that hydrallazine
exerts its damaging influence only upon animals previously

| treated by unilateral nephrectomy with excess DCA and salt.

| Before proceeding to a study of possible modifications

‘in the response to hydrallazine which might be caused by
varying the dose, form, or route of administration of DCA,
|

it was thought desirable to confirm this conclusion by

' repeating the experiment.

A further group of animals (group 15, experiment II(d))
'was therefore treated in a manner thought to be identical
with that adopted in the treatment of group 7 (experiment
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‘ 11(d)). The results were disappointingly negative, Tt

[ was then realised that the treatment of this group differed
| in two ways from that of the original, First, the injec~
tions were given without anaesthesia, and second, the !
animals were injected on each day of the weeks, Observation;
' had already shown that anaesthesia did not precipitate !
glomerular necrosis, It was therefore concluded that not |
only must the dose of hydrallazine be large in order to i

exert an influence on the glomerulus, but its daily admine

. istration must be discontinucus,

i It proved difficult to incorporate this observation
‘ into any satisfactory theory put forward to account for the |
| action of hydrallazine on the rat glomerulus, Later in |
} this discussion however it will be suggested that this

I intermittency of action permits an excessive fluctuation in

‘ blood pressure which may be held to account for the glomere

| ular damage.

! To study the effect of the dese on the evolution of |
lhydrallazine-induced glomerulo=necrosis, implants of varyingl
|amnunts of DCA were useds A study of the action of thege J
Eimplants. with salt, in unilaterally nephrectomised animals |

[ 5
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suggested that 200 mg, of DCA; in the slowly absorbed pree=
paration used in these experiments, influenced biood presse
‘ure and renal structure only slightly more rapidly than
did 100 mge It was not surprising therefore to find in
comparable groups given hydrallazine that the incidence and
severity of glomeruloneecrosis was no greater in the group

given 200 mge. DCA than in the group given 100 mg.

Ge

' To study the influence of the mode of administration
of DCA on the nature of the response to hydrallazine, it
‘was decided to compare the effect of dally injections of
DCA in the form of an aqueous suspension with that of both
slowly absorbed and rapidly absorbed implants., For

| reasons not related to the present discussion, and which
‘are detailed in the description of the experiment itself
(group 21, experiment I(e) and group 22, experiment II(£)),
the study of the effect of rapidly absorbed implants proved

unsuccessful .

Daily injections of DCA precipitated a rapid rise in

blood pressure and severe renal lesions, changes which are

discussed in detail later (page 149). When hydrallazine

‘was given to animals treated in the same way (group 24,

|
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experiment I1{g)) several remarkable effects were observed,
It was found that hydrallazine suppressed the mean blood
pressure, and simultaneously prevented the more severe
renal lesions known(from study of the control group) to ‘
result from the DCA regime itself, Hydrallazine however
did not prevent, or indeed alter, the swelling and balloon= |
ing of the cells of the glomerular tuft, nor did it influ=
ence the severe and widespread tubular lesions which are

common in DCA overdosage and which are thought to be the

' result of electrolyte disturbances. The kidneys of this

group therefore showed widespread and almost uniform '

glomerular and tubular changes of the type attributable

to the known alterations of sodium, potassium or water
regulation, but were almost entirely free {rom fibrinoid
‘ lesions of arteries, arterioles or giomeruli, The con=
‘spicuous periglomerular or perivascular proliferation of
; swollen endothelial-like cells, described by Selye (1950)
' as nephrosclerosis, was prevented. - By contrast, and due

|
| apparently to the absence of effect on the main tubular i
changes, the kidneys were not only no smaller than those

of animals not given hydrallazine, but in faet had contine

ued to enlarge at the abnormal rate. (Fig. 83, Volume III) |

I In none of the kidneys of animals treated in this way

were focal glomerular necroses seen, It appeared,
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:therafore, that more rapidly absorbed DCA causing severe
renal lesions did not predispose to hemiglomerular necrosis
!1n the same way as had the earlier, slowly=absorbed DCA
linplants. At the same time it must be remembered that the
‘aninals of this group received injections of hydrallazine
!en each day of the period of studys The failure of focal
}glomarular lesions to develop may reasonably be attributed
Ito the mode of administration of hydrallazine rather than to
!a different effect of DCA, the animals being comparable with |
those studied in group 15 (experiment 1I{d)).

Throughout the later experiments each animal group was

!arranged to contain equal numbers of males and females, DNo |
!signiftcant difference was found between males and females, |
in terms of the response to hydrallazine, Occasional minor
@ifferences were found between male and female blood pressurey
weight or electrolyte changes, but these were generally
Fllght and have been mentioned in the course of itne appropri-l
;te experiment, {

All animals through the experiment were maintained on a

standard diet, the composition of which is given in Appendix
|

lyvolume II. No evidence was found at any time of |

Fhaline deficiency. The renal cortical changes did not, in ;
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' any case, resemble those described by Moore (1957) in his

‘ study of choline deficiency.

The literature dealing with the influence of DCA on

| the rat kidney has been reviewed in the introducticn to

‘ this thesis, The conclusion that previous agcounts of the

I renal change caused by DCA were controversial led to the

: experiments described in Chapter 2 (experiment Series I).
‘ Particular care was taken to investigate the nature of the
i effeects caused by DCA itself, so that valid comparison

} with those of hydrallazine would be possible,

i {see also experiment I(f), page 108
(Figs.5-55, Volume III)

It was found possible to trace the evolution of the
renal lesions caused by DCA, and to detect the influence
on these evolving lesions of factors such as size of dose,

mode of administration and solubility. ({see experiment

series 1),

i The earliest detectable evidence of DCA overdosage

| wag an increase in glomerular size, with the presence in
|
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|
‘the glomerular tufts of more P.,A.S. positive material than

' is normally seen, Progressive enlargement of the tuft was

iaccompanied by dilatation of the collecting tubules. Some=
‘ times collecting tubular dilatatlon was extreme: it ape

J peared quite independently of glomerular enlargement, with
| which however, it was often assoclated, and was sometimes

' rapid in onset, Although later in the experiments much

{ protein=containing material lay within the dilated tubules,

|
| dilatation was often seen in the absence of proteinuria.

|
' The suggestion by Selye (1950) that obstruction of the

lcoliecting tubules by protein=containing casts caused
tubular dilatation could not be substantiated. Changes in
| the proximal convoluted tubules, and sometimes in the
distal convolutions, accompanied collecting tubule dilata=

tion, Dilatation of the proximal convelutions was seldom

Imore than of moderate degree, bui tubular cells often

{showed bizarre alteration in size and shape: many were

‘aeparated at their inner margins in a manner whicn could not

f be attributed to fixation artefact. Cytoplasmic processes

Ioften protruded into the tubular lumina, and in more severe=
ly affected tubules, the nuclei lay in or near the protruded
portions of the tubular cells. Bizarre appearances were

|pmoduced in this way and tangential sections through the

tubules, longitudinally, revealed clusters of divided nuclei
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i lying apparently free within the lumina,

Changes of a broadly similar pattern were detected in

the collecting tubular cells, Here, however, cytoplasmic

swelling and tubular dilatation were pronounced., In the

most severely affected collecting tubules, c¢ells could be
-i seen protruding like drumsticks into the lumen, while the
arrangement of the remaining epithelial cells resembled

those of the proximal convolutions,

The collecting tubular changes were in many respects

identical with those described by Oliver and his colleagues

i(Oliver et aly, 1957) in experimental potassium depletion.
:Their presence confirmed the suggestion of potassium loss
obtained by terminal serum potassium estimations. In this
;way indrect evidence was gained of the activily of the ad=

| ministered DCA,

Later glomerular changes have already been described

| _
 (experiment I(£), page 103, volume I ) and their progression

to glomerular disintegration, frequently accompanied by

!
ichange, has been discussed.

widespread fibrinoid arterial, arteriolar and glomerular

! In the study of the lesions precipitated by hydrallazine

‘ it has already been shown that this drug prevented the
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| cells,

grossery, more acute forms of vascular damage caused by DCA,
At the same time hydrallazine did not influence the electro=
lyteetype lesions whicn included glomerulayr ballooning and |

swelling,vacuolation or protrusion of tubular epithelial :

A comparison of the nature of the lesions caused by DCA,

‘with those caused by hydrallazine clearly reveals their com=

fplete independence of form and distribution. The charactar-'

!1st1cs of these two main types of change may now be summare i

:'lc
2.

3.

4e

| ised.

Focal

Involve usually half of
tuft,

Never accompanied by vase

culaxr changess

Unaffected part of tuft

narmal .

1,

2,

4

Involve whole of tuft

Often accompanied by fib-‘
rinoid vascular change |

in later stagese.
Majority of tuft cells

swollen and ballooned,
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No reasonable doubt now exists therefore that the
|

; changes induced by hydrallazine are entirely distinet from

thoge caused by DCA,

| Two anomalous results call for comment at this point,

| It was noted in the examination of the kidneys of group 14
| (experiment I(b)) and of group 16 (experiment I(¢)) that

| rare, isolated, focal, hemiglomerular necroses were present,
| This finding is clearly incompatible with the theory that
these lesions are only caused by the action of hydrallazine
on the remaining kidneys of animals subjected to unilatexal
nephrectomy and given excess DCA and salt, The animals

' of neither of these groups received hydrallazine, and only
' one was subjected to uninephrectomy., It must be concluded
. that rarve glomerular lesions identical with those precipie-
tated by hydrallazine may be caused by the isolated renal
action of DCA and salt, or by DCA, salt and uninephrectonmy.

This conclusion suggests that the action of hydrgllae

' zine on the kidney may bake the form of an acceleration of |
a tendency of DCA and salt to cause hemiglomerular necrosis.
Again, the rare lesions found in groups 14 and 16 might be

| attributed to an alternative mechanism. It has been noted,
for example, that hemiglomerular necresis can oceur in

experimental malignant hypertension {although always in
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' agsociation with vascular lesions) and it might be possible,
‘although unlikely, for the isolated necroses found in groups

14 and 16 to be the result of such an alternative agency.

The factors influencing the development of focal hemi-

| glomerular necrosis in animals given hydrallazine have been

 describedy it is now necessary to attempt to explain their

|
' development.

(1) A comparison was made between the hydrallazine lesions

Five analyses have been mades

and those of similar morphology found in human diseases,

| (2) The lesions caused by hydrallazine were considered in

| relation to others found by other workers in alternative

experimental procedures,

(3) A series of experiments (Series V) were undertaken to
Tcontrast the results of treatment with DCA with those of
itreatmant with certain other steroids in relation to the
. effect of hydrallazine on the glomeruli, In this way it

was hoped to determine whether the glomerular changes caused
Iby hydrallazine were a specific result of earlier treatment
|
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with DCA,

' (4) A further series of experiments (Series VI) was per=
!formed with the aim of comparing the effects of other hypo=
itensive drugs on renal structure in DCA hypertension with
:those caused by hydrallazine, The purpose of these exper-
' ments was to elucldate the role of intemmittent hypotension

| in precipitating focal glomerular necrosis,

'(5) Finally, the specificity of the response to hydralla=-
' zine and DCA was studied in a group of animals made hyper-
‘tensive by the application of renal arterial clips., In
!this way it was hoped to define in greater detail the pre-
' cise role of DCA in the evolution of the glomerular lesions

|
‘preeipitated by hydrallazine,

In a small number of human diseases renal lesions are

Ifound which are indistinguishable from those characteristic

!of the action of hydrallazine in the rat. 1In a further
series of human diseases glomerular lesions are seen which

‘baar a generic resemblance to those caused in the rat by

|
' hydrallazine, but which are clearly not identical.



| tated by hvdrallazine.

|

| The human renal lesion which most closely resembles

| those induced by hydrallazine in the rat kidney is that of

i the so=galled focal endocarditic glomerulonephritis, known

‘ alternatively as focal embolic glomerulonephritis. These

| glomerular lesions are found in between one half and nine=-

} tenths of cases of subacute bacterial endocarditis. Be=

! lieved for many years to be of embolic origin, the segmental
| tuft necrosis in this condition is now thought to be of

; allergic or hypersensitivity origin, The lesion originates
Ias a more or less circular focus of fibrinoid, frequently

! limited to one or two segments of the glomerular tuft,

 and rarely involving the whole tuft. The acute, eosino=

‘ philic lesion undergoes organisation and forms a densely
hyalinised, hard, segmental collagenous mass, whose outline

and shape maintain those of the original lesion., The por=
‘ tion of tuft not involved is often entirely normal. The

‘ lesions may be few or many, but it is thought that in ébout
‘8% of cases the severity of the renal involvement is suffi=-

' cient to cause renal failure.

| Allen (1951) states that those focal lesions are prace

!tically pathognomonic (in the human) of subacute bacterial
|
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|
- endocarditis, but casts considerable doubt on their embolic

nature, giving the following reasonst (1) The focal tuft

necroses rarely contain bacteriag (2) They are never seen
i in acute bacterial endocarditis; (3) They are occasionally
| seen in the absence of subacute bacterial endocarditis, and
‘ (4) the likelihood of many small emboli landing in one

' organ and not in others appears slight. In addition,

l Allen points out, true septic emboli do not cause this type

|
| of lesion,

‘ The close similarity in almost every respect between

these lesions and those found as a result of treatment with

hydrallazine suggests that a common factor may be concerned
in their development. It is not easy to see what this
factor could be, There is no evidence to suggest than an
allergic or hyperimmune basis could be concerned in the
development of the hydrallazine lesions, although, in the
case of the human hydrallazine syndrome, it has been sug=
gested that hydrallazine may combine with protein as a hape
tene, leading to an allergic disorder (Henn, Parkin,

Hargraves and Odel, 1955). It appears more likely to the
present author that the mechanism causing the development

' of glomerular lesions in the rat, which c¢an perhaps be

| related to the regulation of blood pressure, may also account

 for the changes in endocarditic glomerulonephritis, This
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‘ This hypothesis however is outside the scope of the present

thesis,

Focal glomerular damage morphologically similar to
that caused by hydrallazine 1s sometimes observed in the
kidneys of persons with disseminated lupus erythematosus.,
Clearly this resemblance is of the greatest significance in
relation to the hypothesis on which these experiments were

planneds It must at once be emphasised that focal glomer=

iular necrosis is not a charactdristic renal lesion in dis-
:seminated lupus erythematosus. Occasionally however focal
inecrosis is seen in the kidneys of persons with confirmed
disseminated lupus. Attention is drawn to such a case by
 Muehrcke, Kark, Pirani and Pollak (1958) in their monograph.

On page 122 of this analysis of the renal changes in dis-

seminated lupus erythematosus they illustrate a segmental

| glomexular lesion in a human glomerulus from a confizmed

| gases They describe this lesion as “typical local necrosis |
with adhesions to Bowman's capsule". Within the necrotic
area, however, haematoxylin bodies are stated to be present.

These bodies cannot be distinguished in the black and white

' photograph which they show.

: It appears that this occasional segmental lesion of g

disseminated lupus erythematosus can be distinguished from
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the segmental lesion caused by hydrallazine by the absence
in the latter of haematoxylin bodies. In spite of this

j distinction it is probably fair to comment that the effects
of hydrallazine resemble those found in disseminated lupus
erythematosus more nearly than any which have previously

| been identified in an experimental animal,

In polyarteritis nodosa (Davson, Ball and Platt, 1948)
the vascular changes may involve glomerular tufts, leading
to a focal inflammatory lesion of the kidney which some=
| times resembles those seen in the kidneys of animals given
| excess DCA and hydrallazines This glomerulitis of poly=
| arteritis may be of a necrotising variety, in which case
the appearance of the lesion may resemble that due to
hydrallazine, Nevertheless, in polyarteritis a greater
| proportion of the tuft is involved,; and the other renal
vessels usually show evidence of fibrinoid necrosis. There
is no reason therefore to associate the focal necroses of
hydrallazine intoxication with the glomerulitis of poly-
| arteritis nodosa. From this point of view a disorder of
the immune mechanism, thought to play a part in the evolu=
tion of polyarteritis, cannot be invoked as an agency in

the genesis of the hydrallazine lesion.

Malignant hypertension is sometimes associated with
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the appearance of hemlglomerular necroses which resemble
those seen in the kidney of the rat given DCA and hydralla=
2ines This is particularly the case in experimental |
malignant hypertension (Wilson and Byrom, 1939). Neverthee

less, such changes in malignant hypertension are always

| associated with severe vascular lesions which frequently

take the form of fibrinoid necrosis., This association
provides a clear cut distinction from the hemiglomerular
lesions found as a result of the treatment of uninephreg=
tomised rats with slowly absorbed DCA, salt and hydrallazines
in these animals the development of vascular lesions is ;

prevented.

Attention has recently been drawn by Dick (1957) to a

condition wiilch he calls glomerular lysis, In a patient

'dying with anuria following the treatment of a skin rash

with Bedimethylaminoethyl benzhydryl ether hydrochloride
he found almost entire destruction of the glomeruli of both
kidneys. The ¢ondition is mentioned at this point because

of the clear resemblance of some of the “lysed" glomeruli

| shown in his illustrations to those of advanced UCA over=

dosage in the rat, However, the lysed glomeruli do not

resemble the hemiglomerular lesions seen as a result of

hydrallazine treatment,
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A further condition which calls for comparison with ‘
the present experimental lesions is the acute neerotizing

glomerulonephritis described by Dunn and Montgomery (1941).

' This lesion is found in association uith_bilateral renal

cortical necrosis, often with pregnancy toxaemia. In spite
of the common factor of glomerulonecrosis, the hydrallazine=-
induced lesion is distinguished from the necrotising glom=
erulonephritis by its focal distribution, by the absence of

vascular disease or of cortical necrosis, and by the free

| quent restriction of the lesion to one segment of the

glomerular tuft,

(b) Humap renal le

In a small number of distinctive conditions in the
human, segmental glomerular lesions develop, often of dis-

tinctive character: they provide evidence of a negative

' nature about the segmental changes precipitated by hydralla=

| zine,

The first of these is the apparently structureless
Kimmelstiel=Wilson body found in the glomeruli of a propor=
tion of cases of diabetes mellitus, and regarded by many
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as pathognomonic of this disease (Lambie and MacFarlane,
1957). Ocecasionally, cavernous dilatation of capillaries
o¢curs at the margin of such a body, and the whole lesion

thus produced occupies a significant proportion of the

. segmental glomerulonecrosis. The leminated argyrophilic

|
|

|

glomerular tuft, and requires to be distinguished from focalJ

appearance of the Kimmelstiel-Wilson body is usually !

characteristic.

Occasionally the focal distribution of amyloid deposits
|
|

in affected glomeruli bear a superficial resemblance to

focal necrosis with the presence of eosinophlic amorphous:

material, The distinction is usually possible without

| resorting to special stains, There is no obvious relation-

ship between such foecal amyloid deposits and the lesions
found in the kidneys of the experimental animals in the

present series.

Glomerular lesions more or less similar to those caused
by hydrallazine have been described previously as the result

of a variety of experimental procedures. It seemed
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possible that a review of these results might assist in the |

analysis of the mechanism by which the hydrallazine lesions

are brought about.

(2) Uzanium nitrate

Suzuki (1926) gave uranium nitrate to rabbits, and paid

particular attention to the glomeruli, There was epithel~
- ial cell swelling in the tufty and the intraglomerular pro=
liferation of tissue. [Hyaline droplet change of the tuft
was found. Later tubular atrophy developed, Dake (1926)
| also injected rabbits subcutaneously with uranium nitrate =
' he found ceullular enlargement of the glomerular tufts,
nuclear pyknosis and occasional rupture of the walls of

capillaries,

In spite of a distant generic similarity between these
experimental findings and those caused in the rat by hydral=

lazine, no conclusion could be reached as to whether a fund-

. amental similarity existed between the effects of the two
drugs. It seems doubtful whether this is in fact the case,
and it would clearly be unwise to suggest an analogy between

. thelr respective glomerulotoxic actions.
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(b) Mezeuric chloride.

|
Oliver and Smith (1931) examined the effect of mercuric

chloride, and of several other chemicals, on the kidney of !
the frog. Mercury particularly caused focal glomerular
necrosis. Later, Oliver (1932) used the dual blood supply
of the frog's kidney to study the mode of action of mercuric

chloride, The glomeruli included foci of oedema, necrosis

| and nuclear degeneration,

Again there is no direct evidence to suggest that the
mode of action of the two drugs is in any way the same,
although morphologically these changes resemble in their
formation and situation those found in glomeruli damaged by
hydrallazine,

(c) Bagterial allerqy.

Lukens and Longcope (1931) sensitized rabbits to
haemolytic streptococcl and studied their response. . About
half the animals developed glomerular changes, which inclu= |
ded hyaline capillary thrombi, necrosis and exudation of i
polymorphonuclear neutrophils, They described the leslons
as being focal in distrilutiony they occurred in the kid-
neys of both sensitized and intact animals, but were more

. common in the former, and resembled the so=called “"embolic"
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lesion (see page 156, Volume II1),

Evidence exists therefore to show that a procedure
known to sensitize animals to bacterial products may result
in focal renal lesions closely resembling those of the
hydrallazine reaction, The idea that hydrallazine could

| act as a haptene suggested that a form of allergy might be

responsible for the evolution of the focal glomerular les=-

ions which it causes, a suggestion that has been discussed

| earlier in this thesis (page 157, Volume II).

Clawson (1926) injected a live culture of Streptococcus |
viridans into the hearts of rabbits, but found lesions which |
took the form of infarcts. When streptococci agglutinated
by a specific antiserum were injected in the same way,
glomerular lesions were produced of the focal endocarditic
types, The so~called "endocarditic" lesions were also
studied by Baehr (1931).

Patrassi (1932) injected diphtheria toxin singly or

- repeatedly into rabbits and produced a focal toxic glomer=

ulonephritis, while Pescatori (1930) described incidental
renal lesions in animals injected intraarticularly with
diphiheria baeilli.

Leiter (1924) and Gray (1928) also studied the focal
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glomerular lesions caused by the repeated injection of

diphtheria and streptococcal toxins.

It will thus be seen that a considerable volume of

| work suggests that focal glomerular lesions, often of the

“endocarditic" type can be produced by the repetitive in=
jection of animals with bacterial products or toxins.
Most of this work has been carried out with rabbits and it
is doubtful to what extent the conclusions are applicable
to rats, For the immediate purpose, however, it serves
to show that lesions moxpﬁologieally resembling those
precipitated by hydrallazine can be induced by procedures
of a kind known to lead to an immune response, Again,
therefore, indirect evidence is provided which suggests
that an immunity mechanism may play some part in the renal

response to hydrallazine,

(f) The eff

In a personal communication to the author Sheehan

(1957) stated that he had observed glomerular lesions re-

sembling those produced in the rat by hydrallazine,in rabbits

' in whieh transient renal ischaemia had been produced by

temporary constriction of the renal artery or aorta. Re=
ports of work of this kind have been made by Scarff and
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Keele (1943) and by Koletsky (1954), The former authors

| removed one rabbit kidney, and clamped the other renal
artery for varying periods of time, They measured blood
pressures and blood urea levels, and showed that during the
| first 2-4 days after clamping the proximal convoluted
jtuhules underwent degeneration but the glomeruli remained
| intact. After 10 days, when a progressive rise in the
blood urea occurred, the proximal convoluted tubular epithel=-
fium became progressively thinned. Later regeneration '
oceurred.

Koletsky (1954) indicated that similar c¢hanges oecur in
the rate A cycle of tubular necrosis, repair and atrophy
follow temporary ischaemia, involving particularly the prox-
imal convolutions, NNo evidence of glomerular damage was

found under these circumstances.

It may be concluded that temporary interruption of the

| blood supply to the kidney does not always cause glomerular !
' lesions of the focal type found in the present experiments.
iThis confirms the observations made in experiment III(b)

' (group 32) in which sufficient picrotoxin to cause general=-
‘ ised convulsions (and thus possibly a transient disturbance

| of renal blood supply) did not affect glomerular structure.



In rabbits, complete or patchy cortical ischaemia may

be caused by the intravenous injection of adrenalin or nore

- adrenalin (Moses, 1952). This pressor effect is thought to |

be accentuated by previous treatment with DCA, It there-

| fore seemed possible that the action of hydrallazine on !
glomerular structure might in some way be related to the
ischaemia caused by noradrenalin, This however is clearly

i not the case, a finding which is in confirmation of tgg‘m

| earlier work of Vallery-Radot, Albeaux~Fernet and Delamore

| (1932).

(g) lhe int

Earlier observations on the influence of repeated
injections of renin into rats (Masson, Corcoran and Page,
| 1950) led to a study of the influence of previous treatment
| with DCA on the response to renin, The results were re-

markable (Masson, Corcoran and Page, 1951) although the con=

clusion that the effects so produced resembled human eclamp=
sia were clearly open to discussion (Masson, Corcoran and |

Pagey, 1952)., Among the renal lesions produced in this way
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|

‘are some which appear (in illustration) to resemble those
|

| caused by the actien of hydrallazine on the rat kidney, and |

' which take the form of tuft necrosis.
|

This is of particular interest in view of the c¢laim

by Renzi and Gaunt (1953) that the renal changes caused in

this renin + DCA syndrome could be prevented by the admine

| istration of hydrallazine.

| At first it appeared that these results conflicted
iuith those obtained in the present experiment, Closer
‘analysis revealed however that the results were not mutually
!exelusiva. Thus, quite apart from the differing doses and
Emode of administration of hydrallazine in the two experi-

ments, it was clear that Renzicand/Gaunt had not allowed

sufficiently for the alteration in the response to DCA
!hmought about by hydrallazine. It appears to the present
| author that the results of Renzi and Gaunt could be inter-
!pretad as confirming the notable effect of hydrallazine on
!the renal changes in DCA overdosage, and that the preven=-
ition of the eclampsia~like syndrome was simply a reflection
' of this fundamental response.

(h) 1

Byrom (1937) investigated the histological effects



produced by vasopressin. ile showed that the changes were
of three principal kinds (1) direct infarction, or ischae=
mic changes not quite amounting to necrosisy; (2) damage
to the blood vessels leading to increased permeabilitys
and (3) medial necrosis of the constricted blood vessels

when gpasm due to vasopressin was maintained.

Clearly these changes, which do not include focal
glomerular necrosis, are in no way similar to those caused
by hydrallazine, and do not support the suggestion that a
vasoconstrictor action such as that caused by vasopressin
plays any part in the development of lesions caused by
hydrallazine,

Fiore=Donati and Erspamer (1957) have studied the
changes produced in the rat kidney by S=hydroxytryptamine,
They have demonstrated that most of the changes found are
those of renal cortical necrosis. There is no reason to
suppose that the effects they deseribe are related to the
focal action created by hydrallazine,



Comments in the literature occasionally draw attention

to the occurrence of focal glomerular lesions caused by

| choline deficiency. Moore (1957), in a careful analysis

of the response to choline deficiency, showed that the
weanling rat kidney undexwent three main changes, Initi-
ally, the tubules showed simple fatiy changes. Later this
progressed and necrosis of the proximal convoluted tubules
otcurred, Finally cortical necrosis developeds Moore

analysed the glomerular damage occurring in this cortical

| neerosis and drew attention to the fact that although the

majority of the glomerull underwent complete infarction,

o¢casionally only half the tuft was ischaemic.

The significance of this observation is the wide
acceptance that these glomerular changes are due to ischae=
mias it is not clear how choline could cause this change,
but the demonstration that hemiglomerular necrosis may be
one of the results lends weight to the suggestion that the
hemiglomerular necroses caused by hydrallazine could be
ischaemic in origin,

It is important to emphasise in this context, that

| hydrallazine=induced glomerular necrosis was not the result |
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' of choline, or of other nutritional deficiency, in our

experimental animals:s <the kidneys of untreated control

' groups were intact.

| 111,

Neither cortisone nor 9o =fluorocortisol was found

' to cause a significant rise in systolic blood pressure.

' confirmed that cortisone causes a rise in blood pressure

'in either adrenalectomised or normal animals glven either

The absence of this pressor effect in the animals of
experimental Series V may be attributed to several possible

| salt or tap water to drink (Knowlton and Loeb, 1957).

‘alternative factorss

|observations suggest that the rat of less than 80 = 100 g.
iweight is excessively sensitive to bilateral adrenalectomy,

and that subsequent cortisone in apparently adequate doses

(1) The animals may have been too small., Personal

neither maintains life indefinitely nor leads to a rise in

' blood pressure.

There is progressive weight loss due

It is difficult to account for this since other workers have |
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i (according to the work of others) to progressive water loss,

and the hypertensive action of cortisone is concealed. ‘

(2) Because of thelr relatively small size, too much
cortisone may have been given, This is considered unlikely

« the dose (2.5 mge. daily) used by other workers was ade

hered to, except in the case of the animals of groups 17
‘ and 18.

{3) The cortisone used may have been ina¢tives the
animals may in this way have died from adrenal cortical |

| insufficiencyy the absence of hypertension would have been

an inevitable sequel, This explanation cannot be wholly

| true because the length of survival of all animals in this

| experimental series was significantly longer than could be

the case in animals adrenalectomised but given no replace~

ment therapy.

The failure of hypertension to accompany the use of
. either cortisone or § o fluorocortisol in animal groups 17,5

184 19 and 20 may in part hgve been the consequence of the

unilateral nephrectomy which was carrled out before begine-
' ning treatment.

The response of the blood pressure to 9 o fluorocor=

tisol was surprisings An intense action on the control
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of sodium excretion was demonstrated, the level of serum
!aodium at the time the animals were killed being found in
some instances to be 50% or more above normal, By analogy
‘with DCA a severe effect on blood pressure regulation was

anticipated., This did not develop, Study of the animals®

|weights suggested that 9 o( fluorocortisol caused death by
ian action (perhaps similar to that of cortisone on water
Ibalance) involving progressive weight loss and a severe
isystem&c metabolic disturbance, but not accompanied by

'hypertension,

|
i In view of these results it was not altogether surprise

.1ng to find that cortisone did not lead to any drastic
!change in renal morphology, thus confirming the work of
previous observers (Knowlton and Loeb, 1957). With 9, =
‘fluorocnztiaal the severe systemic disturbance in sodium
regulation suggested that correspondingly advanced renal

!tubular changes would be found, This was not the case, and

emphasised an important point, namely, that morphological

changes in renal tubules are more likely to be proportional

ita total body or intracellular electrolyte levels than they

‘ave to vary with extracellular or particularly serum electro=

|
lyte concentrations. This was suggested by Knowliton and
Loeb's demonstration that the degree of systemic cortisone-

induced hypertension is proportional to total body potassium
|
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- and not to the level of serum potassium,

In the corresponding groups of animals given hydralla=-
zine it was observed first, that focal glomerular necrosis
:did not occury and second, that in some instances the
hydrallazine appeared to alleviate the severe systemic dise
| turbance caused by the steroids., The reason for this was
not clear, An alteration in electrolyte regulation was

suggestad.

That focal glomerulonecrosis did not occur in the
group given 9 of.fluorocortisol and hydrallazine suggested,

‘but did not prove, that the influence of DCA on salt meta-

' bolism was not the property responsible for the predisposi-
tion to glomerulonecrosis. Nevertheless, a less simple
relationship than this may probably be nearer the truth

;sinceaarliar experiments (Series I) have already shown that

' DCA and salt alone may in rare instances cause focal glomer-

ulonecrosis, but that DCA itself has no such effect.

(1v)

It was thought that the action of hydrallazine on the
glomeruli of uninephrectomised rats made hypertensive with
DCA and salt might have been due to the direct action of
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- single daily doses of the drug on blood pressure, Al=
though the experience of others in malignant hypertension
suggested that in this condition glomerulonecroses were
invariably associated with severe vascular damage (Wilson

- and Byrom, 1939) it was still thought that a fluctuating
blood pressure could result in glomerular damage without
necessarily causing fibrinoid arteriolar necrosis, Evi=-
dence of the mode of action of daily injections of hydralla=-
zine was given in experiment II(g).

| On this account experimental series VI was planned.

In this series the actions of reserpine, pentolinium, and
- of compound 14179 were investigated., It was shown that
neither pentolinium, nor reserpine nor compound 14179 led
| to focal glomerular necroses., This observation is open to
| the criticism that the circumstances optimal for the induc=-
tion of glomerulonecrosis did not applys thus DCA was given
in a rapidly absorbed form, and daily administration of
hydrallazine was not intermittent. Nevertheless, these
| experiments do provide some evidence that single daily
injections of these hypotensive drugs, in doses sufficient
- to maintain the blood pressures at reasonably low mean
levels, do not prejudice glomerular structure. Thus,
less weight can be given to the theory that hydrallazine
| causes glome:glonacrusis purely by its hypotensive effect,
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The experiments provided an effective demonstration
that pentolinium, reserpine or compound 14179, in hypoten=
sive doses, prevent the development of the more severe
renal lesions caused by DCA, At the same time, the
slighter glomerular and tubular changes caused by DCA were
not influenced, thereby supporting the suggestion put fore
ward by Gardner (1958) that only part of the renal glomer=
ular damage caused by DCA can be attributed to its effect

on blood pressure,

The theory has been advanced that the action of

hydrallazine on renal glomerular structure is condiitioned
by a specific property of DCA, and that in fact hydralla=
zine probably acts by precipitating an action exerted in
rare instances by DCA itself. The suggestion was made
that this action was related to variations in blood press-

ure, bhut experiments with other hypotensive drugs have not

- confirmed this. It was felt that strong evidence of the

role of blood pressure fluctuations in causing focal hemi=
glomerular necroses would be provided if it were possible

to demonstrate their production in the kidneys of animals
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made hypertensive by a mechanism other than steroid overe

dosage. For this reason experimental series IV was

undertaken.

| The evidence obtained in these experiments suggested

! that the control of renal hypertension by single daily in-

- Jections of hydrallazine did not precipitate focal hemi=

| glomerular necroses. It is therefore concluded that the
intermittent hypotensive action of hydrallazine will not,

alone, cause focal glomerulonecrosis.

!
| The role of hypotension in causing these renal lesions
;13 therefore most doubtful. Although, because of slight

' dissimilarities between the experimental procedures, it

' cannot be stated categorically that intermittent hypoten=
!sivn episodes play pg part in precipitating glomerular

' damage there is at least sufficient evidence to render

Esuspect such a me¢hanism.

GENERAL,__ SUMMARY

(I) Changes resembling those of disseminated lupus
|
' erythematosus are occasionally produced in humans with

hypertension treated for long periods with large amounts of
|
|
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hydrallazine, The hypothesis was advanced that itreatment

of rats with experimental hypertension with correspondingl? -

large amounts of hydrallazine might lead to the production
of an experimental replica of disseminated lupus erythema=
tosus. Atiention was concentrated on the morphology of

the kidney.

(1I) To test this hypothesis it was decided to study
hypertension brought ebout in the rat by giving large doses
of deoxycortone acetate (DCA) and salt following unilateral
nephrectomy. he first part of the work described in this
thesis (experimental series 1) was therefore concerned with
defining the changes induced in the rat kidney by this
regime. The evolution of a sequence of glomerular and

tubular changes was demonstrated, and the influence of dose,

and of rate and route of absorption were defined.

(III) Animals subjected to this hypertensive regime were
then treated with increasingly large doses of hydrallazine,
given by daily intramuscular injection. In the kidneys

of the majority of the rats treated in this way following

| the subcutaneous implantetion of slowlyeabsorbed DCA, focal !

hemiglomerular necroses were found in varying numbers.

These glomerular necroses were present only in animals
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given DCA in this particular formy they did not develop

in rats injected with hydrallazine each day, but only in
those glven injections six days weekly, This intermittient i
effect was linked with the use of slowly absorbed DCA, and |
the absence of lesions from animals injected gagch day may |
be attributable to the simultaneous use of rapidly absorbed ;

' DCA in larger amounts, i

The role of DCA in the evolution of these renal lesions
' was studied by using various forms of the steroid given by
' different routes. Only the slowly absorbed subcutaneous
implants led to focal glomerular necroses.

-

(IV) The importance of the convulsions which occasionally

 followed the use of excessive amounts of hydrallazlne, and
|of the ether anaesthesia used in some of the experiments,
were studied, Neither convulsions by themselves, nor

|ether anaesthesia, led to glomerular damage.

(V)  The pathogenesis of the glomerular lesions caused by
hydrallazine was then studied. By giving hydrallazine to
'animals subjected to an alternative hypertensive regime

i(unilateral renal artery ¢lipping) and by treating animals |
!givan excess DCA with alternative hypotensive drugs, i

 evidence was obtained to show that the focal glomerulax
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necroses precipitated by hydrallazine were probably not
simply due to variations in blood pressure,.

(VI) In a further series of experiments the role of DCA

 in precipitating focal glamerular necrosis was examined |

|

by contrasting the influence of other stercids possessing

icertain common properties, Cortisone and 9 ,(-fluorncorti-
|

isol did not predispose to the glomerular lesions precipite-

' ted by hydrallazine.

(VII) In an attempt to define their cause, the lesions
| produced by hydrallazine in animals given excess DCA ;nd
!salt following unilateral nephrectomy were contrasted with
Ethose occurring in the human kidney. They were considered
!mast closely to resemble the renal effects of subacute
‘baeterial endocarditis (focal endocarditic glomerulenephe
‘ritis) the glomerular lesions of which are now believed
by many to be the result of an immunity disturbance,
| [
i It was shown that occasional similar lesions have been

' described in disseminated lupus erythematosus, but it was

‘not felt justified to claim, on this basis, that the
|

latter disease had been réproduced experimentally, HNever=
' theless, it was considered permissible to state that no

lesions more closely resembling those of disseminated lupus
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erythematosus had previously been produced in an experis

| mental study.

(VIII) 1In the same way, the lesions precipitated by

hydrallazine were compared with those found by other obsere |

vers in a variety of different experimental procedures.
From descriptions in the literature it bocame c¢lear that
the renal changes most closely resembling those precipi=
tated by hydrallazine had oceurred in experimental animals
injected either with ecertain heavy metals (uranium or
mercury) or with a number of bacterial extracts or toxins.

Similar lesions had also been desc¢ribed in experimental

| malignant hypertension and in experimental choline defice

iency but in each of these conditions the other renal
ghanges were distinctive.

(IX) Hydrallazine may therefore be said to precipitate a
highly individual form of glomerular lesion under highly
specific experimental circumstances. The development of

this lesion does not appear, from a series of ancillary

' experiments, to be the result of blood pressure variations

caused by hydrallazine, but may be a form of hypersensiti-
vity analagous to that found with other materials in a

' variety of animal experiments. DCA appears to play an
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essential part in the evolution of focal glomerulonecrosis,
a part which is not clearly related to a direct influence

on sodium metabolism.

The relationship of this work to the aetiology of
human disseminated lupus exythematosus is obviously not
certainy but the experiments described have raised a con=
sidevable number of problems which must become the subject

of future enquiry.
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Compogition of rat food.
Wheat By-products

Ground oats

. naize

" barley

| Meat and bone meal

| Fish meal

| Skim milk powder

‘ Whey . powder
Unextracted dried yeast
Molasses

Salt

Vit.A

Yit.DB

APPENDIZ 1.

5%
0.4%
5300 units/1lb,
1320 unite/1b.



APPENDIX 2.
Technloue of nephrectomy in the rat.

Merthiolate was used as an antiseptie; it also
served to dampen the hair, which was not shaved, and by
ite colour, to disbinguish the animals which had been
operated upon.

Under ether anaesthesia, an incision 1.5 - 2 om.
long, was made in the loin, over the point at which the
kidney could be palpated between finger and thumb, and
below the costal margin. The kidney was gently squeezed
through the wound which, if of the correct size, allowed
the kidney to be protruded in this way but prevented it
from returning spontanecusly. Mosquito forceps and an
aneurysm needle were used to reflect the fat, fascia, and
suprarenal from the kidney; mosquito forceps were
epplied to the renal pedicle, whlch was then ligated.

The kidney was exclsed with a Bard-Parker scelpel, the
muscle and skin closed with a single suture, and the
skin cleened with Merthiolate. The animal was returned

to & warm cage.

e of DCA ta
Through a small skin incision in the posterior

cervical region the implants were inserted subeutaneously,

as far from the wound opening as possible. The wound
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edges were carefully approximated and united by at least
two layers of interrupted sutures: 1t was important to
be certain that the implant could be extruded when the

animal resumed its normal activity.
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1, Plethysmographic recordinz device (Fig. 44 )
(Byrom and Wilson, 1938).

This apparatus consisted of a portion of glass
tubing, made from a suitable £" hard glass test tube,
sealed at its base to a length of thick-walled capillary

tubing, and fitted with a small side opening. The proximal

end of the test tube was inserted into part of a rubber
bung, which itself fommed the base of a brass seal. The
seal was made from a sawn-off microseope-objeetive box,
and the space between the inserted test tube and the
outer wall of the brass seal was filled with grease or
sof't soap: the end was closed by the screw cap of the
brass objective box, which was fitted with a rubber washer
and perforated in its centre to allow the tail of the
animal to pass through.

In conjunction with the plethysmograph, an
occluding cuff (Fig. 45 ) of a type identical with those
used in the optical recording apparatus, was used.

The side pilece of the glags cuff was attached to a
sphygmomanometer of a standard medical type; when the
pressure was raised by compressing the rubber manometer

bulb, the inner rubber cuff gripped the rat tail. The
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TEXT _FIGURE 44.

— CAPILLARY TUBE
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e
\__/ TAIL
E\ “INSERTED
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BLOOD PRESSURE OF RAT.
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TEXT FIGURE 45.

RUBBER
COQF
Z
RUBBER
CUFF
S
GLKgg/ it
CASING

RECORDING CUFF THROUGH WHICH TAIL OF RAT
IS INSERTED FOR USE WITH OPTICAL OR

PLETHYSMOGRAPHIC PRESSURE RECORDERS.
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brass socrew top of the seal could be tightened until

the soft soap provided a water-tight seal around the tail.

26 Optical blood presgure recording device (Fige 46 )
(Byrom, 1947).

The apparatus compriseds

(1) A source of light, conveniently a 6 V. car
headlamp bulb, connected through a transformer to the main
supply.

(2) A system of mirrors, enabling a long optical
axis to be employed as a means of magnifying the small
pulse pressure changes of the rat, and a recording screen.

(3) A manometrie system, in which two cuffs
similar to those described above, each attached to a
mercury manometer, were used respectively to occlude the
arterial pulsation.

The apparatus is represented diagrammatically
in Figs.45 and 4. The wirror attached to the small
rubber diaphragm contained inside the perspex box was
gituated 8 feet from the plane mirrvor. From the latter
the light was reflected beck onto a ground giass sereen.
To enable the pressures within and without the small
diaphragm to be equilibrated, the alr-tight perspex box
was used, attached to a simple system of valves.

In using this apparatus it was desirable, but
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not essential, to have the surrounding light diminished,
and for the room to be quiet and free of movement -
small oscillations of the floor were sufficient to cause
the beam of light to move; this imposed a limitation

on the use of this apparatus in a busy laboratory.
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TEXT FIGURE 46,

OPTICAL PRESSURE RECORDING APPARATUS.

I. LIGHT SOURCE

2. DIAPHRAGM WITH ATTACHED MIRROR

3. AIR-TIGHT PERSPEX BOX

4, PRESSURE EQUILIBRATING DEVICE

5. PLANE MIRROR

6. RECORDING SCREEN

7. 'RECORDING' MANOMETER
2 'OCCLUDING" MANOMETER
9. 'RECORDING’ CUFF

10. 'OCCLUDING" CUFF

1. CONVEX MIRROR

I
j»MANOMETEﬂ BULBS
I

14. 6v. TRANSFORMER
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(by courtesy of Dr. M.4A. Floyer).

This apparatus (shown in Text Figs. 47 and 48) was
employed for muach of the experiment asg a meuns of
recording blood pressure.

In principle it is a plethysmograph operating in
almost identical manner to that described in Appendix 3.
It is modified by the inclusion in the chamber which
econtains the tail, of the occluding and recording cuffs,
and by the enclosure of the greater part of the apparatus
in a themostatically regulated water bath., A further wat.eT
bath provides a platform on which the animal lies.

Light ether anaesthesia is used to quieten the animald.
As with the other blood pressure recording devices illust-
srated here, the slight negative error caused by the use
of anaesthesia was not thought to be significant from the

point of view of the present experiments.
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TEXT FIGURE A47.
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FIGURE AZ.
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APPENDIX 5.

Unless otherwise stated, the descriptions ave
based on the exanination of sections sitained by the
Picro-Mallory method. In many instanees sections from
the same kidney were also gtained by haematoxylin and
eosin, Weigert's clastic stain, and periodic aeid-Schiff.

GROUP 1.

M L. renal 3111) 9:5455.
Died (anaesthesia) 13.6.55.

At neeropsy the silver wire wa's found around the
left renal artery. The left kidney was pale but intact.

Microscopically there was generalised reduction
in the mmber of renal tubules. The appearances were
those of partial iafaretion. Many collecting tubules
were dilated; some contained casts. There was a
patohy increase in the amount of interstitial comnective
tissue, and occasional foel of round cells (mainly
lymphooytes)., Many glomeruli showed ischaemic changes;
there was medial hypertrophy of the walls of the inter-
slobular acteries.

Iimbs: The bones and joints were normal.
Heart: cartilaginous metaplasia of connective
tissue at margin of attaschment of valves.
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Lungs: peribronchial lymphocytic hyperplasia.
Spleens prominent follisular centres.

Jiver: no significant abnormality.

nelusions Partial renal infaretion was produced by
the Clipt

Rat 2. L. rvenal elip 9.5.55.
Killed 13,6.55.

The left kidney was slightly congested = the
elanp placed avound the left renal artery was not
found., Adhesions were present at the site of right
nephrectomy. Microscopically, the kidneys were well
preserved, and showed no evidence of ischaemia., The
glomerular tufts were nommal, with thin capsules, and

there were no arterial chenges. The tubules wers well

preserved, and there was no interstitial fibrosis.

ILiver, Limbs, Heart: no slgnificant abnormality.
Spleen: prominent germinal follicular centres.
lungss peribronchial lymphocytic imfiltration.

Conclusion: The gpplication of the renal clip has caused

no significant change in renal structure.

Bﬂt 1'. LO mal clip 3.8.550
Died 5+8.55.
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There was left renal infarction; with small

amounts of perirenal blood. Microscopically, the
renal changes did not differ significantly from those

found in rat 3, The periadrenal fat was much congested,

but the adrenal itself was intaet.

Rat 5. Le venal elip 3.8.55.
Died 6.8.55,

The left renal arterial elip was found in situ.
There was complete left remal infarction.

Rat 6. Ls renal clip 3.8.55.
Died 10.8455.

The lungs were intengely congested. The left
renal arterial clip was in its correct position; the

kidney was intaet.

Rat €. L. renal elip 3.8.55,
Died 12-8'.55-

Organising blood clot lay in relation to the left
kidney. The left renal clip was in situ. Microscop-
sically, there was congestion of the left kidney but
no infarction: The limbs, heart and lungs showed no
gignificant gbnommality.
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Spleen: hyaline material in follicles.
Iiver: containg a single focus of haemopoietic

collas

Suprarenals: normal.
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GROUP 1 (A)

Bat 1. (died 9.3.56)

Kidney: Prominent glomerular capillary basement
membranes. Occasional polymorphonuclear leukocytes
scattered throughout glomeruli. Autolysis of tubular
epithelium.

Iungs: multiple abscess fommation.

Suprarensls )

Heart

no significant abnommality.
Knees

i Nt N Vg S N

Ankles

Rat 2. (died 26.3.56)
Heart )
[ung
Suprarenal no significant abnormality

Kidney

Liver

Bat 3. (died 6.4.56)
ILungs: peribronchial round cell cuffing.
Heart
Spleen
Suprarenals

)
} no significant abnormality
Knee g
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Ankle: no significant abnormality.

Kidney: occasional dilated tubules contain
eosinophilic hyaline material,

Iiver: occasional clusters of round chronic

inflammatory cells arranged in centre of lobules.

Rat 5.
Kidney
Heart
Spleen
Suprarenals

no significant abnormality
ILiver

Knee

Nt St N Nt ™ Vit Mt gt N Mg N it Nt N Nap®

Kidney: some autolysis.

no significant abnormality

Suprarenals intense congestion, oedema and focal
haemorrhages.

Knee )
) no significant abnormality.
Ankle )
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| Bt 7.

Kidneys occasional perivascular round-cell

aggregates.

Iang: peribronchial lymphocytic cuffing.
Heart

no significant abnormality

) no significant abnormality

fung: peribronchial lymphocytic cuffing
Knee

)
)
Ankle % no gignificant abnomality
Suprarenals )
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GROUP 1
(see tableis

Rat 1.
Lung )
) no significant abnormality
Heart )

Kidney: There is slight dilatation of the
eollecting tubules and intratulmlar protrusion of both
eytoplasm and muclel in the proximal convelutions.
Occagional collecting tubules contain small amounts
of protein. There is very slight generalised enlarge-
tment of the glomerular tufts, due apperently to
endothelial cell hyperplasia. No vascular changes.

Spleen: much autolysis.

Ankle

no significant abmommality

Knee

M S Ve

Lat 2.

Kidney: Tubular dilatation is severe and
generalised, but is most severe in the collecting
tubules. In the proximal convolutions there is severe
intratubular protrusion of both cytoplasm and nuclel
while occagional collecting tubules contain small
amounts of proteins In the glomeruli, endothelial
cell proliferation, with slight ballooning, has caused
slight enlargement of the tufts; there are no vagscular
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changes.
Spleens concentric vascular thickening.
Lung
Suprarenal
Heart no significant abnormality

fnee

Ankle

Bat 3.
Kidneys Tubular changes are very slight, being

confined to minimal dilatation of the collecting tubules
of the cortex. There are no significant glomerular or
vascular changes.

Suprarenals )

Heart ;

bog )

Spleen ; no significant abnormality

Liver ;

Knee ;

&nkle ;

Rat 5,
Kidney: Slight, but generalised dilatation of

all parts of the majoriiy of the renal tubules. This
is accompanied by slight cytoplasmic, and rather more

severe nuclear, intratubular protrusion in the proximal
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convolutions. Slight, generalised endothelial cell
hyperplasia has resulted in minimal glomerular tuft
enlargement. There are no vascular changes.
Spleen: Prominent follicles. Chronic inflamme-
story changes.
Knee
Ankle
Suprarenal
Lung

)

)

)

)

g no significant abnormality
' )
Heart )
;

Liver

Rat 6.

Kidney: Tubular effects are confined to slight
dilatation of the collecting tubules, together with
minimal intratubular protrusion, of both cytoplasm and
nuclei, in the proximal convolutions. Glomerular
changes include only mild generalised enlargement,
apparently due to endothelial cell hyperplasia. There
are no vascular changes.

Liver: occasional small round cell foei.

Spleen: prominent germinal follicles.

Heart )

e | |
Knee ; no significant sbnormality

%

Ankle
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Rat 8.
Kidney: Slight dilatation of the collecting

tubules is accompanied by intratubular cytoplasmlc and
nuclear protrusion of the proximal convolutions. There
is very slight generalised glomerular enlargement
apparently due to endothelial cell hyperplasia. There
are no vascular changes.

Lung )

Spleen g

Suprarenal g
) mno significant abnormality
Liver )
Knee %
inkle g
Rat 10.

Kidney: Tubular changes are more severe, with
severe dilatation of the collecting tubules, and slight
to moderate dilatation of the proximal and distal

convolutions. In the proximal convolutions, intra-

stubular cytoplesmic and nuclear protrusion is accompanied

by a bizarre hypertrophy of many of the epithelial
nuclei, The glomeruli, generally, are enlarged,
apparently due to endothelial cell hyperplesia. There

are no vascular lesions.

Rat 11.
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Kidney:s Tubular lesions are confined to moderately
gsevere dilatation of the collecting tubules, and to
moderate intratubular cytoplasmic and nuclesr protrusion
in the proximal convolutions. The glomeruli show
minimal generalised enlargement, apparently due to
endothelial cell hyperplasia. There are no vascular
changes.

Tang

Suprarenal
no significant abnormality
Spleen

Heart
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Bat 1. (dled 24+1.56).

Kidneys olight autolysis has occurred. There
are no significant tubular lesions. The structure of
the glomeruli is intact, and there are no vascular
lesions.

Brain: in the choroid plexus are accumulations
of mononuclear cells -~ the brain substance is unusually

cellular.

Rat 2. (died 3.2.56).

Lung: perivascular focl of chronle inflammatory
cellg, many of them lymphocytes, but more plasma cells
than are often seen. Many cells with "signet-ring"
nuclel are also presents The reaction as a whole does
not resemble that seen commonly in ageing rats in this
. golony; basophilic nuclear debris is present, located
particularly at the vascular bifurcations, and between
the pulmonary artery and bronchi.

Liver: occasional chronic inflammatory cells
. are present, and others with the signet-ring arrangement

of mueclear material.

Rab 3.
Kidney: Minimal dilatation of the proximal
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convoluted tubules is accompanied by slight intratubular
cytoplasmic and nuclear protrusion of the proximal
convolutions. There is minimal glomerular enlargement,
of very doubtful significance, and no vascular lesions.

Iung )

Heart g

Liver g

) no significant abnormality

Brain )

Suprarenals ;
)

Bones and Joints

Rat 6, (died 7.2.56).

Kidney: The tubular changes are identical with
thoge seen in rat 3 and include slight dilatation of the
proximal convolutiqns- together with minimal intratubular
cytoplasmic and nuclear protrusion of proximal convolu-
stions and minimal generalised glomerular enlargement.
There are no vascular lesions.

Spleen: degenerate fragments of haematoxyphil
materlal lying free in the germinal centres and in the

pulp.
Lung )
ver ) no significant sbnormality
Brain }
Suprarenal ;

Feet: one normal. The other contains an

. extensive area of muscle necrosis.
!
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Rat 5. (died 24.1.56.)

Kidneys: There are no significant renal tubular

lesions. Both the glomeruli and blood vessels are intact.

Suprarenals )

) no significent aebnormality

Heart )

Brain: congestion, proliferation of bacilli
(probably post mortem) in the tissue.

Spleen: many polymorphomuclear neutrophil leuko-
scytes.

Lung: oedema and congestion. Several small
perivascular aggregates of polymorphs and small round
cells.

Liver: some polymorphs and lymphocytes, in the
portal tracts.

Joints: aggregates of histiocyte-like, deeply
staining cells in synovia.

Rat 7. (died 7.2.56).

Kidneys: There is minimal proteinuria in the
lover part of very occasional nephrons. There are ne
other significant tubular lesions. Both glomeruli and
blood vessels are intact.
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Muscle: occasional intramscular foei of histio-
tcytes and lymphocytes.

Heart )

Brain

Spleen no significant abnormality

Knee

Foot
Suprarenals: large, congested sinuses.
Iiver: a chronic inflammatory focus is present,

containing a single giant cell.

| Rat 8. (died 4¢1.56.)
Iiver: a considerable number of small round,
chronic inflammatory cells in perivascular spaces.
Spleen g

Heart
no significsant abnormality

Tt Wi Vit N Vs

Brain
Tung

Rat 10, (died 17.12455).

Kidney: Autolysis has occurred and it is difficult
to define detailed structure.

Suprarenals: pale islands of eosinophilie
material lie between the cortical cells.

lung: extensive oedematous or {ibrinocus exudate

Jies in two alveoli. The usual peribronchial lymphocytie
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cuffing is present.

Liver )

) no signifiecant abnormality

Spleen ;
Bat 11. (died 7.2.56).

Kidney: There are no significant renal tubular,
glomerular or vascular changes.

Liver: very occagsional foci of round and polygonal,
histiocytic cells, some in relation to the dilated
portal veins.

Suprarenals: intensely haemorrhagic and oedematous.
The haemorrhage is mainly cortical in distribution, while
the zona glomerulosa is less severely involved than the
remainder. A single focus of polymorphonuclear leuko-
seytes is present.

Muscle: occasional perivascular histiocytes but
no other significant abnormality.

Knee )

) .
Foot ) no significant abnormality

St St

Heart

Brain: small aggregates of basophilic masses are
present in the centre of the section - their significance
is uncertain.

Lungs moderately severe peribronchial lymphocytic

cuffing and aggregates of deeply basophilic cells closely
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related to the pulmonary arteries and velns.

Spleens A single old infarct. Occasional small
fragments of basophilic nuclear debris.

Rat »
Kidney: There are no significant renal tubular,

glomerular or vascular lesions.

Rat 12.(died 31,12.55).
Kidneys: The structure of both tubules and
glomeruli is intact and the blood vessels normal.
Suprarenals )

) no significant abnormality
Heart )

Lungs: one contains a single focus of lipoid-laden
macrophages.

ILiver: considerable numbers of small round cells,
among them many plasma cells, in the portal tracts.

Spleen: much haemosiderin pigment.
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GROUP 4.

Rab 1. (died R.4.56.)

Left kidney: Changes in the renal tubules are
confined to the presence within a small number of
collecting tubules of protelnaceous material. The
majority of the glomeruli are intact, but at one margin
of the kidney, partial infarction has occurred: in this
area there is glomerular crowding and tubular atrophy.
The blood vessels within the kldney are intact.

Spleen: congestion.

Suprarensls: severe congestion.

Lung: no significant abnormality.

Rat 2. (died 2.4.56.)

Kidneys Autolysis has occurred. Al one margin
of the kidney adjoining the inferior margin of the renal
pelvig there is a segmental cortical infarct. Here both
glomeruli and tubules have disintegrated. In several
other smaller cortical zones segmental scars are present,
representing the points of occlusion of the intralobular
blood vessels.

Heart: left ventriculer hypertrophy.

Iiver: no significant abnommality.

fung: pneumonia.
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Spleen: prominent perifollicular envelopes.

Rat 4. (died 22.2,56.)
Kldney: The appearances are those of severe
hypertensien (malignant). They are superimposed on

widespread ischaemic atrophy and partial infarction.

There is thus a combination of fibrous glomerular oblitera- |

ttion, with fibrinoid arteriolar and intraglomerular
change., Dilated tubules containing an excess of protein
alternate with areas showing ischaemic tubular atrophy
and interstitial replacement fibrogis.

Heart: basophilic disruption of the aortic media.

Thickened coronary artery.

| EE 5. (diad 2801056-)

Kidney: The kidney to which the renal arterial
olip has been applied shows pertly complete infaretion,
and partly incomplete infaretion with glomerular crowding.
There is significant proteimuria. The remaining kidney
is intact, and shews no sign of hypertensive change.

Iiver: intense congestion.

Iungs: bronchiectasis, with multiple abscess
formation.

Heart: small foecl of subpericardial lymphocytes.

Pancreas )

) no significant abnormality
Joints )
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Rat 6. (died 13.1+56.)

Left kidneys The clipped kidney has undergone
almost complete infarction. Within the degenerate tubules
proteinaceous material can still be detected, but with
this exception there is no detectable pre-existing
abnormality.

Iung: purulent bronchitis and bronchiectasis

Liver )

Spleen ;

)

) no significant abnormality
Heart ;

)
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Rat 1 (died 21.4¢56.)

Kidney: the clip was found in situ on the right
renal artery. Nelther tubules, glomeruli, nor blood
vessels show any significant abnormality in either kidney.

Heart )

w
=
@
8

r no significant abnormality

RN

@

Nt S S S N N N N

Rat 2, (died 21.4.56.)

Kidneys: Macroscopically, the right renal clip
was found in situ, and the right kidney appeared totally
infarcted. The left was normal. Microscopically, the
right renal infarction was less complete than had appeared
probables A thin rim of apparently nommal glomeruli,
erowded together by reduction in the amount of interstitial
tissue surrounds a zone of complete infaretions In
the left kidney, there is some intimal hyperplasia of the
arcuate arterial walls, and occasional ischaemic glomamli.|
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Lung
Liver
Spleen no gignificant abnormality

Knee

Ankle

Rat 3. (died 20s4.56.)
Kidneys: Macroscopically, the right kidney appeared

totally necrotic, while the left appeared normel. The

right renal clip was in gitu. Microscoplcally, no

identifiable renal tissue was found at the site of the
right kidney while the left appeared normal. In the
liver were occasional portal foci of cells, some of which
contained occasional clusters of fragmented basophilic

- material.

Spleens prominent perifolliculsar envelopes.

Heart )

Knee ; no significant abnommality.

Ankle g

Rat 5, (died 17.1.56.)
Death from anaesthesia.

Kidneys: The renal elip was found in situ on the

right renal artery; this right kidney was congested and
surrounded by granulation tlssue representing the post-

operative reaction. The structure of both kidneys does
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not differ significantly from normal.

Rat 6. (died 21.4.56.)
Kidneys: The right kidney could not be identified
- it appeared that total infarction had been followed by
dissolution. The left kidney appeared normal. On
the right, a calcified cystic focus was found closely
applied to the liver margin: this represented the remains
of the clipped right kidney. There were occasional
chronic inflammatory cells in the loose connective
tissue around the hepatic blood vessels.
Heart
Lung
Knee

)

)

g no gignificant abnormality
)
inkle )

Rat 8. (died 21:4.564)

Kidneys: The clip was found in situ on the right
renal artery. Both kidneys appeared normal. However,
there was crowding of glomeruli in the right kidney and
ischaemic changes of moderate severity, together with a
reduction in the amount of cortical substance. The
left kidney appeared normal.

The lung showed conspicuous peribronchial lympho-
ieytic cuffing, and the splenic follicles were prominent.
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E
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8

no significant abnormality
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Rat 9. (died 21.4.56.)

Kidneys: The elip was found in situ on the right
renal artery; Dboth kidneys appeared externally normal.
In the gections of the right kidney there was glomerular
crowding due to lschaemic change and reduction in volume
of cortex due to tubular atrophy. The left kidney
appeared normal.

Spleen )

Liver

no significant abnormality

¥

:

Rat 10, (died 20+3.56.)

Kidneys: Both kidneys appeared mommale. There
was no evidence of right renal ischaemia.

Iung: prominent peribronchial and peribronchiolar
muscular hypertrophy, with some peribronchial lymphocytic
cuffing, but no evidence of rezent infection.

Spleen )

Supraranalag no significant abnormality

Liver
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GROUP 6.

Rat 1. (killed 30.7.56.)

Right Kidney: Tubular changes are confined to
dilatation of the cortical collecting tubules. The
glomeruli and blood vessels are intact.

Heart: near the apex of the left ventricle was
found a group of pale staining rounded cells with oval
nuclei.

Spleen: a single small haemorrhagic infaret.

Lung g

Liver
no significant abnormality

Rat 2. (killed 2.8.56.)

Right Kidney: There are no tubular, glomerular
or vascular changes.

In the thigh musele, probably the site of previous
injections of hydrallazine, occur bundles of neerotic
muscle fibres among which replacement fibroais has
occurred.

Spleen

Liver

Lung
Suprarenals

Ll L L ey

no significant abnormality




Heart
Knee

N Nt S N N

Ankle
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no significant abnormality

Rah é= (died 14.8.56.)
Right Kidney: There are no tubular, glomerular

or vascular changes.

Microscopically in the liver were found aggregates

of periportal round cells.

Lung
Spleen

Muscle

Suprarenals

Heart
Knee

Ankle

no significant abnormelity

N Nt Nl Nt N Nt i Mt Wt “isa” “it® it N

E&t 2: (diw. 20-9.56.)

Kidney

Suprarenals

Lung
Heart

Spleen

no significant abnormality

Rat 12, (died 20.9.56.)

Kidneys:

Iiver:

no significant abnormality.
one section shows no significant abnormality.
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The other contains several areas of pale staining, small
mononuclear cells, the significance of the presence of
which is uncertain.

)
) no significant abnormality
Heart )

Suprarenals: much cortical lipoid.
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Rat 1.(died 27.7.56.)

Right Kidney: The tubular changes are confined
to vacuolation of a small proportion of the cortical
and outer medullary collecting tubules. No glomerular
abnormalities are present, but thrombus of antemortem
origin is present within the lumen of a prinecipal renal
arterial branch.

Suprarenals: some autolysis.

Iungs: peribronchial lymphoeytie cuffing.

Muscle: extensive resction at injection site,
with necrosis, mononuclear cell infiltration and fibrosis.
Bone marrow: an unusually large number of

megakaryocytes are present.

Heart: in the right ventricular musele near the
endocardial surface is a single focus of round cells.

Spleen

Liver

no significant abnormality
Ankle

N N S N S Nt St®

Knee

Rat 1 (a). (died 1.10.56.)
Right Kidney: Tubular changes are considerably

more severe. There is generalised slight dilatation
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of many of the nephrons, accompanied by intratubular
protrusion of both cytoplasm and nuclel of epithelium

of the proximal convoluted tubules. Many glomeruli
have undergone slight enlargement and this is apparently
the result of endothelial cell hyperplasia.

Suprarenals )
) no significant abnomality
Heart )

Spleens minimal thickening of the small arteries.
Lungs branches of the pulmonary artery show
extreme hypertrophy.

Liver g
Musecle )

) no significant abnormality
Forelimb g
Hindlimb )

Bat 2. (died 1.10.56.)

Right Kidney: Many collecting tubules are slightly
dilated, and within some are aggregates of proteinaceous
fluid together with hyaline casts. There is moderate
intratubular cytoplasmic and nuclear protrusion of the
epithelium of the majority of the proximal convoluted
tubules, together with vacuolation of the eplthelial
cells of many collecting tubules. Slight generalised
glomerular enlargement is the result of endothelial cell

hyperplasia, and is occasionally accompanied by capsular
adhesions.
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In a significant proportion of glomeruli,
segmental glomerular necrosis has occurred, and is seen
in acute;, subacute and late stages. In the acute stage,
one half of the glomerulus only is usually involved,
the other half being intact and apparently nommel. The
involved half is disrupted by the accumulation of fibrin
and red blood cells, often arranged as a microaneurysmal
bulge in the tuft capillaries. In others, polymorpho-
snuclear leukocytes are frequent, lying among the fibrin
and debris. Occasionally the leﬁion may be seen in a
stage of resolution, with histiocytic infiltration.
Later, fibrosis occurs, and the lesion is represented
as a segmental tuft scar. Crescent formation and
epithelial proliferation are rare, although occasionally
the entire tuft appears to be involved. In some (the
minority) of instences the acute segmental lesion has
allowed the eseape of proteinaceous fluild which lies free
in the subcapéular space and in the corresponding tubule.
Where protelmuria is present it is associated; in a
significant number of instances, with hyaline droplet
change in the epithelial cells of the proximal convolution.

Iungs: prominent hyperplastic, pulmonary arteries.
Peribronchial lymphocytic cuffing.

Spleen: active gemminal follicular centres.
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Heart )
Suprarenal ;
) no significant abnormality

Forelinmb )
Hindlimb ;

ILiver: congestion.

Muscle: the site of a previous intramuseular
injection is included in the section. Many degenerate
musele fibres, haemosiderin-containing histiocytes and

fibroblasts are present.

Rat 3. (died 1.10.56.)

Right Kidney: There is a moderate hydronephrosis
accompanied by severe dilatation of the colleeting tubules
and by slight dilatation of the distal eonvolution.

Severe cytoplasmic and maclear protrusion of proximal
convoluted epithelial cells is present and is accompanied
by vacuolation of the cells of many medullary collecting
tubules. There is proteinuria accompanied both by the
presence of hyaline casts and by hyaline droplet change
in many of the related cells.

The glomerular tufts are enlarged, as a result
of endothelial cell hyperplasia and within the subcapsular
space of some lies a protelnacecus transudate.

Segmentel glomerular lesions are less frequent than in
the kidney of rat 2, but in other glomeruli there is
diffuse fibrosis apparently of ischaemic origin.
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Spleen ;
Heaxt )

) no sgignificant abnomality
Forelimb )

)
Hindlimb )
Muscle: The injection site has been included in

the section; occasional muscle cells are vacuolated and

degenerate, while small numbers of histlocytes are present.

Lung: peribronchial lymphocytlc cuffing, The |

walls of many bronchial arteries are hyperplastic.

Rat 4. (died 1.10.56.)

Right Kidney: There is hydronephrosis of slight
degree. Tubular changes include slight dilatation of
the distal convoluted tubules accompanied by severe
dilatation of the colleeting tubules. Both cytoplasm
and nuclei of the proximal convolutions protrude within |
the tubular lumina, and there is occasional vacuolation
of the medullary collecting tubular eplthelial cells.
Proteinaceous fluid is present within the lumen of small
numbers of the collecting tubules in their lower parts,
while others contain hyaline casts.

The glomerular tufts as a whole are enlarged, as
a result of endothelial cell hyperplasia. Some ghow
the acute segmental hemiglomerular necrosis (described

in detail under rat 2), and in this group protein
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containing fluid is sometimes found to have escaped into
the glomerular subeapsular gpace, and thenee into the
corregponding tubules. The destructive process appears
to be of more recent origin in this animal since none
of the segmental changes are quiescent or have undergone
replacement fibrosis.

Musele: the degenerate muscle from an injection
site is included in the section.

Lung: some amall pulmonary arteries have hyper-
splastic walls.

Pancreas

Spleen

Liver no significant abnormality

g

E
O‘E

Rat 6, (died 1.10.56.)

Right Kidney: Tubular changes are widespread.
They include slight dilatation of the proximal convoluted
tubules accompanied by slight distal convolution and
gevere collecting tubule dilatation. In the lumina of
the proximal convolutions, both cytoplasmic and nuclear
protrusion is seen, of severe degree. Vacuolation of the
epithelium of the colleecting tubules has occurred but
is minimal, and there is slight proteinuria,

Considerable generalised tuft cnlargement,
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apparently with endothelial cell hyperplasia, accompanies ‘
a high incidence of segmental tuft haemorrhagic necrosis. |
In some the changes are predominaently acute and of recent
ongets In others, the changes are subacute or have

resulted in the ultimate segmental proliferation of fibrous |

tissue in the form of a gecar. Usually this scar is |

unaccompanied by crescent formation, epithelial
proliferation, or adhesions, but capsular thickening with
adhesion fommation is present independently in a small
number, while in others transuded protein-containing
fluid has escaped into the subecapsular space. In a small
number of tufts hyaline droplet change is present.

Lungs: +the wall of many small pulmonary arteries

and arterioles appears hyperplastic.
Muscle ) |
Heart ;
Suprarenal ; no significant abnommality |
Forelimb ;
Hindlimb ;

Rat 8. (died 1.10.564)
Kidney: Changes as a whole are conglderably

slighter than in rat 6., Tubular effects are represented
by slight dilatation of the proximal and distal convolu- |
ttions and moderate dilatation of the cortical collecting
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tubules: In the proximal convolutions severe intra-
stubular protrusion of both cells and cytoplasm has
ocecurred, while there is vacuolation of occasional
cortical colleecting tubular cells, with proteinuria in
somes

Many glomeruli have undergone enlargement due to
endothelial cell hyperplasia, and in significant
numbers segmental zones of acute haemorrhagic tuft
necrosis have occurred, of a type described under rat 2.

Heart )

)
g
Muscle ; no gignificant abnormality
)
)
)

Iangs the pulmonary arterial branches in this
animal do not show hyperplasia.
Iiver: occasional lymphocytes form small collec~

stions of cells in the portal tracts.

Rat 9. (died 21.9.56.)
Bight Kidney: Considerable autolysis has

ocourred. It is still possible to detect the presence
of capsular adhesions, and of occasional subacute
segmental glomernlar lesions of a type described under

rat 2. In some instances they are accompanied by the
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transudation of protein into the subcapsuler space.

Heart ;

Spleen ;

Lung ) |
) no significant abnormality .

Forelimb ;

Hindlimb g

Suprarenals )

Rat 11e (died 1.10.56.)
Right Kidney: There is slight dilatation of the

proximal and distal convolutions, accompanied by moderate
dilatation of the collecting tubules. There is occasional
vacuolation of the cells of the collecting tubular epi-
sbthelium with protrusion of both muclei and of cytoplasm
into the lumen of the proximal convolutions. Many
glomeruli are slightly enlarged, with endothelial cell

hyperplasia, and in a significant number there are acute
and subacute segmental tuft necroses (see rat 2), acute

changes belng more common than subacute.

Liver: occasional small foci of necrosis are present
|

Muscle )
] .
Suprarenals ) ‘
) no significant abnormality |
Forelimb ) -
)
Hindlimb ) |
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Rat 12, (died 21.9,56.)

Right Kidney: Tubular changes are confined to
slight dilatation of many distal convoluted tubules and
moderate dilatetion of many colleeting tubules, the lining
cells of which are occasionally vacuolated.

Meny glomerull are enlarged, due to endocthelial
cell proliferation, while none shows segmental necroses.

Iiver: a single cluster of gmall mononmuclear cells
is present in one section.

Suprarenals )

Heart

Lung
Forelimb

no significant abnormality

Hindlimb

i N N Nl N S N N
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nat 2.

R ]

Right Kidney: Autolysis has occurred. Nevertheless
it is still possible to detect slight dilatation of the
proximal convoluted tubules into the lumina of which both
cytoplasm and nuclel protrude. There is also vacuolation
(of doubtful significance) of the collecting tubule
epithelial cells.

There are no significant glomerular or vascular

legions.

Rat 3.
Right Kidney: Autolysis has occurred.

Recognisable changes are confined to moderately severe
intratubular protrusion of both cells and mueclel in the
proximal convolutions. There are no significant

glomerular or vascular lesions.

Rat 4.
Right Kidney: Tubular changes are confined to

gevere intratubular proirusion of both eytoplasm and
nuclei of the epithelium of the collecting tubules.
Glomerular changes are confined to the presence, in very
occasional glomeruli, of focal segmental acute tuft
haemorrhaglc necrosis, of a type described in more
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detall in the kidney of rat 2 of Group 7. No vascular

lesionsg.

Rat 5.

Right Kidney: There is slight to moderate intra-
stubular protrusion of both cytoplasm and muclei of the
epithelium of the proximal convolutions.

There are no significant glomerular lesions, &nd

the blood vessgels are normal.

Rat 7.

Right kidney: Hydronephrosis is present. This is
accompanied by patehy, peritubular cortical fibrosis,
and by slight to mederate intratubular protrusion of both
cytoplasm and nuclei of the epithelial eells of the
proximal convolution. There are no significant
glomerular or vascular changes.
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P 9.

Rat 1. (28.11.56 = 5.2.57)

Right Kidney: H. & E. The kidney is the site
of severe hydronephrogis. Scattered ischaemic foci are
present in the outer part of the cortex, and in these
there 1s both replacement fibrosis and tubular regenera-
stion. Beneath the pelvic epithelium there is a single
focus of round cells.

Very occasional nephrons contain proteinaceous
fluid, and there is patehy slight to moderate dilatation
of collecting tubules and, to a less extent, of the
proximal and distal convoluted tubules.

Elastic: no evidence of arterial hyperplasia
or damage.

P.A.S.t no alteration in the amount of P.A.S.-
positive material.

H.E.: no changes other than those deseribed
above.

Heart: patehy calecification of the aortic valve.

Liver )
Lungs )
) mno significant abnormality
Suprarenal g
Spleen )
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Rat 2. (28.11.56 = 5.2.57).

Right Kidney: The changes are less severe than
those seen in rat 1.

There is slight to moderate dilatation of the
colleoting tubules, mainly in the outer zone of the
medulla but involving also the cortical segments.
Dilatation of the convoluted tubules is less severe, and
is least in the proximal parts., Nevertheless, the
convoluted tubular cells show protrusion of the eytoplasm
of many of the cells into the lumen of the tubules, which
is occasionally accompanied by prominence of the nucleus
which may lie in the protruded segment.

There are no glomerular leslons. The arteries
and arterioles are intact. There is little proteimuria.

Elastic stain )

PoAsSe g provide no additional information.

L. )

Lungs there are occasional foei (probably normal)
of proliferating lymphocytes.

Liver: the portal tracts contain an excess of
small round cells.

Heart )

Spleen § no significant abnormality
)

Suprarenal
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Rat 3. (28.11.56 = 5.2.57.)

Right Kidney: The degree of dilatation of the
tubular cells is no more severe than in rat 2. Never-
stheless, the degree of intratubular protrusion of the
cells of the proximal and, to a lesser extent, distal
convolution is greater than in the previous animal.
There is no proteinuria.

Only occasional glomeruli (three per section)
show ischaemiec obliteration and fibrosis. In one
glomerulus this change is complete, and in one segment
with erescent formation.

There are no acute neerotic or inflammatory
glomerular lesions, and the arteries and arterioles are
intact.

Elastic stain: confimms these observations.

P.A8, g

no additional information

H.E. ")

Rat 4s (28.11.56 = 5.2.57.)

Right Kidney: The degree of renal tubular
change is approximately the same ag that in rat 3.
Protein casts are present in many tubules, and in most
instances these deposits lie in nephrons the glomerulus
of which is apparently the site of a partial or
segmental lesion.

The glomeruli contain a gignificant number of




239.

lesions: these vary from massive necrosis, sometimes
accompanied by tubular hyaline droplet change, to small
segmental fibrous scar, occasionally with fibrosis and
sometimes with degenerate local tissue.

Iungs peribronchial collections of nodes.

Heart )

Lungs ;

Liver ; no signifiecant abnormality
Spleen ;
)

Suprarenal

Ret 5, (28.1.56 = 5.2.57.)

Right Kidney: The renal changes are on the whole
less severe than in rat 4. A single vhole exudative
glomerular lesion is present in one section, the tuft
being relatively slightly affected. The corresponding
tubule containg however much protein. A single further
flomerulus contains a fibrous hemiglomerular lesion.

There is moderately severe tubular dilatatien,
more advanced than in the previous 4 animals and
accompanied by protrusion of the cytoplasm, and to a
less extent the nuclel of the proximal conveluted
tubules.

Heart )

lungs ; no significant abnormality

Suprarenals 3
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Liver )
; no significant sbnomality

Spleen
Rat 6. (R8.11.56 = 5.2.57.)

Right Kidney: There is moderately severe
hydronephrosis. The proximal convoluted tubules show
slight dilatation with slight to moderately severe
eytoplasmic cell intratubular protrusion, and less
marked muclear protrusion. Dilatation of the eollecting
tubules is rather more severe.

The glomerull are intact but show slight general-
sised enlargement. There are no focal glomerular
lesions, and no evidence of transcapillary exmdation.

H.E.
stains confirm the absenee of vaseular

)
)
Elagtie )
g lesions and of foecal glomerular necrosis.

)
)
)
Lungs g no significant abnormality
)
)
)

Reb 8. (28.11.56 = 5.2.57.)
Right Kidney: Tubular changes are slightly less

severe than those in rat 7, but both convoluted and

collecting tubules show fundamentally the same type of
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change. There is well marked tubular aeytoplasmic
protrusion, with prominent muclear changes, but the
glomeruli appear normal. In particular, there is
evidence neither of focal glomerular ne¢rosis nor of
exudative capillary changes.

Elastic )

) staing confirm the absence of vascular

P.dsSs )
; and of focal glomerular lesions.
H.E'

Heart g

Lungs g

Liver ) no significant abnormality
Spleen ;

Suprarenals g

Rat 9. (28.11.56 = 5.2.57.)

Right kidney: There is slight to moderate tubular
dilatation, affecting the collecting tubules of both
outer cortex and outer medullsa to a greater extent than
the convoluted tubules. Cytplasmic and muclear intra-
stubular cell protrusion is very much more severe in the
convoluted tubules and in particular in the proximal
parts.

Very occasional glomeruli show focal adhesions
of tuft to capsule, but there are neither exudative nor

segmental necrotic lesions.
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Elastie )
) stains confirm the absence of vascular
:im % lesions and of focal glomerular damage.
Heart )
Lungs g
Liver % no significant abnormality
Spleen i
Suprarenals )

Rat 10, (28.11456 = 5.2.57.)

Right Eidney: The appearances of the right kidney
do not differ significantly from those of the right
kidney of rat 9» There are generalised moderately
gevere tubular chenges of the same character, while
glomerular and vascular lesions are absent. There is
slight generalised glomerular enlargement.

Elagtlc

PsAsS.

)
g staing confirm the absence of vaseular
g lesions and of focal glomerular damage.

Helle

Heart
Luangs

Liver no glgnificant ebnormality

Spleen

Nt Nt N Nt Vs Nl S Vgt Nt

f%
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GROUP 10.
(see Table )

Bat 2.

Right Kidney: The changes in the tubules are
severe. They are most severe in the proximal
convoluted tubules, where they take the form of nuclear
and cytoplasmic intratubular protrusion, and of slight
dilatation. There is more prominent dilatation of the
collecting tubules, while here the cellular changes are
less obvious.

There is slight generalised glomerular enlargement,
but no evidence of segmental glomerular fibrosis, of
focal necrosis or of exudative changes.

Elastic )
; staina confimm the sbesence of vascular
PuleS.
) and of focal glomerular lesions.
H.E. )
Bat 4s

Right Kidney: The tubular changes are similar to
those of rat 2. There are moderately severe cellular
changes in the epithelium of the proximal convoluted
tubules, while the collecting tubules show principally
dilatation.

There are occasional glomerular capsular adhesions,
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with erescent formation in some, and a slight to moderate

generalised glomerular enlargement. No foecal or exudative

glomerular lesions are seen.
Elastic )

gtains confirm the absence of vascular

)
P.AlS. )
g lesions and of focal glomerular damage.

HaEo

Rat 5.
Right Kidney: The appearance of the tubules

does not differ significantly from that of the tubules
in rats 2 and 4; there is mainly cellular protrusion in
the convoluted tubules, with elight dilatation, while
the lower parts of the nephron show more conspicuous
dilatation.

The glemerull are generally enlarged. Many show
capsular adhesions. An average of one glomerulus per
section shows focal and segmental glomerular necrogis.
None shows exmdebtion. In others there is a widespread
hyaline droplet change.

Elastic ) stains confirm the absence of vascular

)
P.A.S. ) damage and of a significant incidence

S

H.E. ) of foeal glomerular necrosis.

Rat 6.
Right Kidney: The tubular changes are slightly
less severe than those in the previous 3 animals, but

the convoluted tubules show detectable cytoplasmic
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effects and there is significant collecting tube
dilatation.

The glomeruli show minimal enlargement, and contain
very occasional capsular adhesions. No fosal ov
segmental necroses are seem.

Elagtlic ) stains fall to show evidence of vascular

P.As3. ) damage and confirm the absence of

Nt

H.Es ) glomerulonecrosis.

Rat 7.
Right Kidney: The renal changes are more severe

than thosge in rat 6, but less severe than those of rat
5. There are widespread tubular changes, involving
both the intratubular protrusion of cells of the
proximal convoluted tubules and dilatation, in partic-
sular, of the collecting tubules.

There is considerable and widegpread glomerulay
enlargement and 2 = 3 glomerull in each section show
fibrinoid foci,; and some show ¢epsular adhesions. Ne
exudative lesions.

16
gtains confirm the absence of

)
)
P .A.SI ) -
; vaseular changes.

H.E,

Right Kidney: The changes are less pronounced
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then in the kidney of rat 7. Tubular effecis are
moderately severe, and some contain hyaline proteinaceous
casts, There is mild proximal tubular dilatation, with
intratubular cytoplasmic proitrusion and more advanced
collecting tubular dilatation.

There is generalised moderate glomerular enlarge-
sment and very oeccasional focal glomerular fibrosis
affecting portions of the glomerular tuft only. No
glomerular tuft only. No glomerulonecrosis, or

exudative lesions.

Elastie )
; stains sonfizm the absence of vascular
Ptﬁ.ﬁo
J leslions and of glomerulonecrosis.
HeEs )
Rat 11.

Right Kidney: Tubular changes are of moderate
severity only and include mainly intratubular cyto-
splasmic protrusion of the cells of the proximal, and,
to a lesser extent, distal conwvoluted tubules,
together with collecting tubule dilatation.

The glomerull are enlarged, buit show only
occasional focal fibrous tuft lesions, and no evidence
of necrosis.

Elastie
stains confirm the absence of vascular

P.A.S.
changes and of glomerulonecrosis,

B Tt i i Ve

Helo
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Rat 12.

Right Kidneys There are moderately severe
tubulay changes, with intratubular cytoplesmic
protrusion in the conveluted tubules, and moderate
dilatation of the collecting tubules.

There is slight genereliged glomerular enlarge-
sment, but no glomerulonecrosis and only very
occasional capsular adhesions.

Elastic
stains confim the absence of vascular

)
)
PlA.St )
; lesions and of glomerulonecrosis.

HQE.
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b 2.

Right Kidney: The tubular changes are confined to
slight dilatation of the proximal convoluted and of the
cortical collecting tubules, In both there is
protrusion of epithelial cytoplasm into the tubular
Jumina, but few nuclel are apparently displaced.

Glomerular changes are confined to minimal
generalised enlargement of the tufts. No vascular
abnormalities are seen.

Elastic )

—— stained sections confirm these

)

)

) observations.
H L] E Ll )

Bat 4.

Right Kidney: There is slight dilatation of the
proximal convoluted and of the collecting tubules. In
both there is fninimal intratubular cytoplasmic
protrusion unaccompanied by significant nmuclear change.
There is minimal generalised glomerular enlargement,
although it is difficult to be certain that this can be
attributed to endothelial eell proliferation. o

vascular changes.
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Elagtiec

)
P.A8, g gtains confimm these observations.
Holo )

Rab 6.

Right Kidney: There is minimal dilatation of
the proximal convoluted and of the cortical collecting
tubules together with intratubular protrusion of the
epithelial cell cytoplasm. No enlargement of glomerular

tufts is recognisable; and blood vessels are intact.

stains provide no additional evidence
of renal damage.

Bst 8.

Right Kidney: The right kidney is the site of a
mild hydronephrosis, the cause of which is uncertain.
No significent tubular dilatation can be recognised,
while the tubular cell eytoplesm and muclel are not

protruded. Glomeruli and blood vessels are intact.

Elastic

)
Polia8s § stains provide no additional information.
HoE.« )
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fat 9.

Eight Kidney: The eplthelial tubular cells are
intact; there is dilatation neither of the proximal or
distal convoluted tubules, nor of the collecting
tubules. The glomeruli are not recognisably enlarged,
and they and the blood vessels ave intaect.

Elastic )
sections provide no additional Information

)
Pehs8. )
g or evidence of renal damage.

H.E.
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GROUP 12.

Bat 1, (Operation 8.4,57; injections 17.4.57; killed

Rl6457T.)

Right Kidney: There are moderate tubular changes,
| which ineclude intratubular cytoplasmic protrusion in
proximal, and to & less extent distal, convoluted tubules,
and some dilatation of the collecting tubules. There
are no focal glomerular lesions, and minimal evidence of
glomerular enlargement.

Elsstic
staing confim these observations and

)
)
PoAS. )
g the absence of vascular damage.

HoEa

Rat_2.(Operation 8.4.57; injections 17.4.57; killed

2446457,)

Right Kidney: Tubular changes are severe and
include pronounced cellular eytoplasmic protrusion of the
. proximal convoluted tubules and collecting tubular
dilatation. Dilatation of the proximal convoluted
tubules, by contrast, ies slight. No tubular casts are
present.

There is some glomerular enlargement, but no
focal glomerular leslons are seen. HNeither are there

exudative glomerular changes.
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Elastic )

g stains confimm the absence of vasculer
P‘A.SQ

3 lesions and of glomerulonecrosis.
HiEn

| RBat _3.(Operation 8.4.57; injections 17.4.57; killed

24:6457.)

Right Kidney: The changes are fundamentally the
game a8 those in the kidney of rat 2.

The proximal convoluted tubules show relatively
slight dilatation but pronounced intratubular eytoplasmic
protrusion. The distal convoluted tubules show moderate
to pronounced dilatation, and some cytoplasmic change.
The eollecting tubules show moderate to severe dilatation.
Occasional areas of collecting tubules show cytoplasmie

‘changes similar to those deseribed in potassium depletion,

but there are no casts. They resemble those described
by Oliver in potassium deficiency. There are no casts.
Glomeruli show occaslonal btut by no means invariable
increase in sizes Thers are no focal lesions, and no
exudative changes.
Elastic
PsA.8. ) stains are not rewarding.
wE )
Bat 4.(Operation 8.4.57; injections 17.4.57; killed

R4e6e57.)
Right Kidney: The generalised pattern of tubular
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changes does not differ significantly from that seen in
the kidney of rat 3.

The glomerull show a generalised slight increese
in sige; but contain neither focal nor emdative lesions.

Elastie ;

stains confirm the absence of vasecular
T ; lesions and of glomerulonecrosis.
H.E. )
Rat _5.(Operation 8.4+57; injections 17,4.57; killed

24:6457.)

Right Kidney: There is only moderate cellular
change in the epithelium of the proximal convoluted
tubules: the cells protrude into the lumen and where
the tubulesg are cut tangentially, the epithelial cells
stand out in islands lying within the luwmina. Dilata-
stion of the proximal convolutions is slight, of the
distal convolutions moderate and of the collecting
tubules considerable. Generally, the evidence of
dilatation is more conspicuous than that of epithelial
coll change.

Small mmbers of glomeruli show proliferation of
the capsular epithelium, some with tubularisetion or
enlargement., Occasionally evidence of glomerular damage
is confined to hyaline droplet chaxxge. Enlargement ig
not widespread. |
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Elastic ; stains confizm the absence both of
P.4.8. ; vascular damage and of glomerulonccroasis
)

HeEa or exudative lesions.

Dat 6. (Operation 8.4.57; injections 17.4.57; killed

R4e6457.)

Right Kidney: The evidence of tubular damage
is somewhat less tham in rat 5, and is equivalent in
intensity to that seen in the kidney of rats 3 and 4.
The appearances include (1) slight dilatation of the
proximal convolution, with elearly defined intratubular
protrusion of the cytoplasm of many epithellial cells;
(2) slightly more severe dilatation of the distal
convolutions; and (3) moderately severe dilatation of
the collecting tubules together with cytoplasmic changes
of a kind deseribed by Oliver in potassium deficiency.
There are no casts.

The glemerull show only a slight generalised
increase in sizes. There are no focal lesions or

evidence of necrosis or ecudation.

gtains confirm both these observations

and the abgsence of vascular lesions.

;
P.4.8. )
)
)

H.E.
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Rat 7. (Operation 8.4.57; injections 17.4.57; killed

Rle6457.)

Right Kidney: Tubular chenges are only slight to
moderate in intensity, and are generally very much
milder than those seen in the kidneys of rats 4, 5 and
6., Cytoplasnic changes are present in the proximal
convolutions, tut here the degree of itubulay dilababion
is slight; dilatation, by contrast, is more pronounced
in the collecting tubules.

Glomerular changes ave limited to very slight
generalised enlorgement; there are no focal tuft or
capsular lesions.

Elastic g stains confimm the absence of vaseular

PsA.8. ) leaions and of focal necrotic, or general-

Tt

H.E, ) tised emzdative'glomenﬂar damege.

Rat 8. (Operation ©+,4.57; dinjections 17.4.57; killed

2446457.)

Right Kidney: The ehanges in both tubules and
glomeruli are indistinguisheble from those seen in the
kidneys of rabs 5 and 6« They include moderately severe
eytoplasmic intretubular protrusion of the proximal
convolutions, slight dilatation of the distal convolutions
with rather lese severe ¢ytoplasmic changes, and moderate
dilatation of the collecting tubules.
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Small mmbers of glomeruli show eplthelial capsular
proliferation, and other changes similar to those seen
in the kidneys of rats 5 and 6.

Elastic ) stains confim the absence of

PsA.S. vascular changes and of glomerulo-

g

Piero-Mallory ) :necrosis.

Bab 9. (Operation 844,57; injections 17,4.57; killed

2446457.)

Right Kidney: The renal tubules show changes
which inelude proximel tubular cytoplasmie intratubular
protrusion and collecting tubule dilatation, slightly
less severe than those seen lu rats 5, 6 and 8. There
are no focal or segmental glomerular lesions, and little
glomerular enlargement.

Flestic ; stains confirm the sbsence of

PyheSs ) vascular lesions and of glomerulo-

Piero-Mallory g sneerosig,

RBat 10. (Operation 8.4.57; injections 17.4.57; killed

24.6.57.)

Right Kidney: The tubular changes do not differ
significantly from those seen in rats 5, 6 and 8. There
is moderately severe proximal écmwolnted tubular cyto-
:plasmic intratubular protrusion, and slightly more
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severe collecting tubule dilatation.

The glomeruli are occasionally enlarged, and some
show capsular thickening, tubularisation, or hyaline
droplet change. No focal necroses are secen, and there
is no evidence of exudative lesions.

Elastic ) stains confimm the absence of

PeheSe vascular damage and of glomerulo-

B

HoEs snecrosis.

Bat 11, (Operation 8:4.57; injections 17.4.57; killed

- 4:6457.)

Right Kidney: Severe tubular lesions are present.
They include prominent intratubular protruslon of the
celle of the proximal convolution, together with slight
to moderate dilatation, and severe dilatation of the
collecting tubules and to a less extent of the distal
convolutions.

Moderate numbers of glomerular lesions are present.
These are diffuse incharacter, invading the whole
glomerulus; many glomeruli are enlarged, while some
show hyaline droplet change. Occasionally there is
fibrogis of a segment of the tuft, and in others partial
erescent formation.

Elagtic ) stalns confimm the absence of vascular

PeA.S. ; lesions and of focal glemeralar

S

H.E, ) necrosis.




258.

GROUP 13,
Males.
Bat 2.

Tubular changes are slight and confined to
dilatation of the cortical collecting tubules. In the
proximal convolutions there ig minimal inbtratubular
protrusion of the cytoplasm and occasionally of the
muelel, Glomeruli are very sligatly enlarged and it
geems probsble that this enlargement is the result of
endothelial cell hyperplasia.

at 3.
Tubular changes are confined to dilatation of the

collecting tubules of the inner and ocuter cortical zonmes,
and to intratubular protrusion of both eytoplasm and,

less often, mucled of the convoluted tubules. There is
slight generalised glomerular enlarvgement and this appears
to be due to endothelial cell hyperplagia.

Eat 4

There is slight dilatation of the colleating
tubules of both cortical zones, associated in some with
the presence of proteinaceous casts., There is very
slight intratubular protrusion of both cytoplasm and
nuelel in the convoluted tubules. The glomeruli show
a glight generalised increase in size and this is
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apparently the result of endothelial cell proliferation.

Bat 5.

Associated with slight dilatation of the cortiecal
collecting tubules is the presence in some of proteinsceous
casts, Others (a very small mmber) show hyaline droplet
change. In many plages there is intratubular protrusion
of both nuelei and cytoplasm of comvoluted tubmles, and
less severely of collecting tubules. There 1s widespread
8light increase in size of glomeruli apparently due to
hyperplagia of endothelial cells.

Rat 6,

Changes in this kidney are less advanced than in
the previous one. There is dilatation only of the
cortical (outer zome) collecting tubules; the convoluted
tubules are intact. There is generalised slight
glomerular enlargement, and this is apparently due to
endothelial cell hyperplasia.

Eenales.
Rst 1.

Changes in the kidneys of the female rats in this
group appear as a whole to be significantly less severe
than in the male. The tubules of the first animal are
intacts The glomerull show minimal enlargement, the
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result of endothelial cell hyperplasia.

Bat 2.

Again, the renal tubules appear intact. There
is very slight hyperplasia of the cells of the glomeruli,
with consequent generalised glomerular enlargement.

Rat 3.

There is very slight dilatation of the collecting
tubules of the cortex, togebher with slight glomerular
enlargement due to endothelial eell hyperplasgis.

Bab 4.

lo sigrd.i‘iaaht changes are recognisable in the
renal tubules of this enimal. There is slight generalised
glonerulay enlargement due, apparently, Lo endothelial
eell hyperplasia.

Rat 5.
The changes, as in rat 3 (female) are confined to

slight dilatation of the collecting tubules of the
cortex. There is minimel generalised glomerular
enlargament, due apparently to endothelial cell hyperplasiad

Bat 6.
Ho recognissble tubular sbnormalities are present
and the changes in this kidney are confined to very slight

generalised glemerular enlargement apparently associated
with endothelial cell hyperplasia.
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ROUP_14.

Males
Bap 1.

Right Kidney: moderately severe hycdronephrosis is
present. There are no other significant renal abnormal-

sities.

Bat 2.
RPight Kidney: There is very slight dilatation of

the distal convoluted tubules and of the collecting

tubules. This is ancampanied by slight intratubular
protrusion of the cytoplasm and nucleli of many of the distal
convolutions, and collecting tubules. "There are no

glomerular or wvagcular abnormalities.

Rat 3.
Right Kidney: There is slight dilastation of the

ascending limbe of Henle, of the distal convoluted
tubules and of the collecting tubules. There are no

glomerular or vascular changes.

Rat 5.

Right Kidney: There is very slight intratubular
protrusion of the cytoplasm and muclei of cells of the
proximal end distal convolution. There are no

glomerular or vascular changes.
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Rat 6.

Right Kidney: The presence of protein-containing
fluid within & small mumber of collecting tubules
accompanies the segmental acute neerosis of a very small
number of glomeruli. There are no other significant

changes.

Females
Bat 1.

Right kidney: There is very slight dilatation
of both the ascending limbs of Henle and of the dlstal
convoluted tubules. These changes accompany intratubular
protrusion of both eytoplasm and muclei of the distal
convolutions. There are no glomerular or vascular

lesions.

Bat 2.
Rlght Kidney: OCyteplasmic intratubular protrusion

is slight and confined to the proximal convolutions.

There are no other gignificanit tubular changes. The

glomeruli and blood vessels are normal.

Rat 3.
Right Kidney: There are no significant tubular,

glomerular or vascular lesions.
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Bab 4.
Right Kidney: Severe collecting tubule

dilatation accompanies slight proteinuria and tubular
hyaline droplet change and is assoclated with very small
numbers of acute segmental glomerular necroses. There

are no vascular changes.

Rat 5.

Right Kidney: Very slight dilatation of the distal
convolutions, together with the imtratubular protrusion
of cytoplasm and nuclel. Ho glomerular or vascular

lesions,

Rat 6.
Right Kidney: Very slight dilatation of the distal
convoluted tubules and of the collecting tubules. Ho

glomerular or vascular lesions.
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GROUP 15.

| Males.
Bat 1.

Right Kidney: The changes are mainly tubulars
there is very slight dilatation of the proximal comvoluted
tubules, with slight intratubular protrusion of cytoplasm.
The dlstal convoluted tubules are moderately dilated,
offten with vecuclation of the superficial part of the
cytoplasm and pregervation of the gramularity of the
basal subnuclear cytoplasm, Within thelr lumina is
detritus of cytoplasmic origin. The collecting tubules
are more severely dilated, with few cell changes.

The blood vessels are nommal,

There is generalised slight increase in the
glemerular size, but there are no glomerular necroses
and no exudative lesions of the DCA type.

Elagtic ) stains confimm the absence of vascular

PeheS, lesions and of focal glomerulo-

S Sl Vo Vg

HeEe snecrosis,

Bat 2.

Right Kidney: There is autolysis: the recognisable
chenges are confined to the tubules and are of the general
pattern and severity described in rat 1. Slight

glomerular enlargement is seen but there are neither
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vascular legions nor glomerulonecrosis.
Elagtic g stains confirm the absenece of
PoAsSs ) wvascular lesions and of glomerular

i Wit

Hols damage.

Rat 3,

Right kidney: Tubular dilatation is rather more
severe than in animal 1. The dilatation is mainly of
the collecting tubules, the epithelium of which is largely |
intaet. The proximal eonvoluted tubules show slight
dilatation only, and relatively slight cytoplasmic and
nuclear protrusion. Glomerull are slightly inereased
in size, but there is neither glomerulonecrosis nor
exudative glomerular lesions. Occaslonal proteinuria
is indicated by the presence of protein-containing mater-
siel in some of the collecting tubules.

Flasgtie )) gtains confimm both the absence of
PoA.Se ; vaseular damage end of glomerulo-
)

H.E. snecrosis,

Egt i-
Right Kidney: There is sgevere dilatation of the

collecting tubules, associated with early vacuolation
of the cytoplasms In several nephrons, 2 succession of
tubular segments can be followed in the eytoplasm of
which there is hyaline droplet change and in vhose lumen
proteinaceous material has collected.
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The glomeruli are large but their cells do not
show cytoplasmic ballooning. There is no evidence of
the exudative glomerular lesion of DCA, and none of
glomerulonecrosis, segmental or complete.

Elestie ) staing fall to reveal evidence of

PeAdSs ; vascular damage and confirm the absence

H.E. ) of glomernlonecrosis.

Bab 6.

Right Kidney: The tubular changes are sinmilar
to thogse seen in rat 5, but are slightly less severe:
they are principally in the cortieal dollecting tubules,
the convoluted tubules being slightly affected. There
are no tubular hyaline droplet changes, and there is
considerably legs proteinuria than in animal 5. The
glomeruli however are of almost similar size and none
contains necrotic foci or exmdative lesions.

Flastic ) stains confirm the sbsence of

P.A.S. :3’ vascular legions and of glomerulo~

H.E,. ) :inecrosis or transudation.

Pemales.
Hat 1.

Right Kidney: There is glight dilatation of the
proximal gonvoluted tubules, and moderate dilatation of
the distal convolutions. The cortical collecting
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tubules are moderately severely affected but show few
cell changes compared with those seen in the proximal
convolutions.

llo glomerular necrotic or exudative lesions are
seen, slthough there is a slight generalised increase
in the size of the glomeruli, The blood vessels are
intact.

Elagtie ) stains provide no additional information

PalsS. g and confim the normal structure of

5
/ g
HeE. ) glomeruli and vessels.

Rat 4.

Right Kidney: The tubular changes generally are
gimilar to those seen in rat 1, with slight dilatation
and moderately severe cytoplasnic and nuelear intratuvbular
protrusion in the convoluted tubules, and with severe
dilatation and relatively slight oytoplasmic or muclear
change in the cortical and outer medullary collecting
tubuless In some places papillary cellular prolifera-
stion of the epithelium of the collecting tubules is
oceurringe

Glomeruli are little emlarged, and there is
neither transudation nor glomerulonecrosis.

Elastic )

i stains confirm the absence of vascular

)

)

) and glomerular damage.
HeEo )
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Rat 5.

Right Kidney: The tubular changes resemble those
geen in rat 1, although the dilatation of golleecting
tubules is not as severe as that geen in rabt 4.

Further, there ig no pepillary intratubular eplithelial
proliferation. The cybtoplasmic and muclear changes
are most severe in the proximal convolutions, while very
occasional collecting tubules contain proteinaceous
material.

) staing confimm the absence of
PelieS. i vageuler damage and of foeal

) glomerulonecrosis.

Right Kidney: The appearances of beth convoluted
and collecting tubules do not differ significantly from
those in rat 5. The glomeruli generally are slightly
enlargeds There are no vascular changes.

Elagtic

PeA.8. ) staing provide mo additional infomation.

BE )




269.

CROUP 36,

E.

Ula

Right Ridney: There is slight but significant
dilatation of the proximal and distal convoluted tubules
and moderste dilatation of the collecting tubules of the
cortexs In the conveluted and collecting tubules,
gytoplasm of the epithelicl eells protrudes into the
tubular lumina; less often this is associcted with
intratubuler protrusion of the eell nueleiy, In a few
nephrons there is proteimuria, with hyaline casts in
| the straight portions of the distal tubule and in the
collecting tubules.

The majority of glomeruli are significantly enlarged,

probably due to endothellal eell proliferation. In
very occasional juxtamedullary glomeruli there is
segmental tuft necrogis; rorely, glemeruli with fibrous
segmental scars ars seen, Blood vessels are intaect.
Elagtic )
PeleSe ; gtaing add no significant informstien.
Hells )

L 2.

Right Kidney: There is slight dilatation of both
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convoluted tubules, and of the cortical collecting
tubules. In the proximal convolutions there is extremely
gevere protrusion of the oybtoplasm into the tubular
lumine, and less frequent protrusion of the epithelial
cell muclels, In the collecting tubules these changes
are confined to slight eytoplasmic prominence of occas-
slonal gells,

There is slight to moderate generslised glomerular
enlargement, appareatly due to endothelisl cell prolifera-
stions This is unaccompanied by segmental tuft necrosis,
or by vascular changes.

ghaing do not add slgnificantly to

8
7
)
% these observations.

Rab 3.

Right Kidney:; There is slight dilataiion of the
proximal and distal gomvolutions, and severe dilatation
of the colleeting tubules. These changes are assoclated
with very fraquent and obvious prominence of the
epithelial cell cytoplasm in the convoluted tubules,
the nuclei being less often involved. There is
moderately frequent eollecting tubule gell cytoplasmic
protrusion.

The glomeruli, generally, are enlarged, apparently
due to endothelial cell proliferation, There are no
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segmental glomerular changes and no evidence of
vaseular damage.

Elagtic
gtains do not add signifiecantly to

thege observations.

)
)
PoleS. )
)
)

HeEe

Right Kidney: The kidney is the site of a mild
hydronephrosiss The appearances of the cortex include
patehy, but widespread peritubular fibrosis, slight dila-
station of the convoluted and of the collecting tubules.
In the fowmer there is severe intratubular cytoplasmic
protrugion, end moderate miclear protrusion. In the
latter both gytoplasmic and mielear changes are only
moderate in geverity. Some collscting tubules contain
proteinaceous fluid and occasionzl hysline casts;
careful examination of the collecting tubule cells reveals
perimiclear vacuolation in sgomes; in others the intra-
stubular cytoplasmic protrusion is ascompanied by poly-
spoldal epithelial cell proliferation.

There is slight generaligsed glomerular enlargement
due apparently to endothelial eell proliferation and
accompanied in some instances by glomerular hyaline
droplet change. Blood vessels appear normal.
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Elagtic ;
P.A.8. ; stains are not informative.
)

H.E.

Rat 5.
Right kidney: There is slight dilatation of the

convoluted tubules and of the cortical collecting tubules.
The changes in the former are accompanied by severe
intratubular cytoplasmic protrusion and slightly less
severe nuclear protrusion and in the latier by similar
phenomena. Oceaslonal nephrons show protelnuria.

There is generalised slight glomerular enlargement
due apparently to endothelial cell hyperplagia. In
very occagional tuiteg there are fibrous segmental scers.
The blood vessels are normal.

Elastic )

PsfieS. ) stains provide no additional information.

M St

Helis

Bat 6.

Right Kidney: The kidney is the gite of 2z mild
hydronephrosis. Convoluted tubules are alightly
dilated, while cellecting tubules are moderately dilated.
There is severe intratubular protrugion of the cytoplasm
of the epithelial ¢ells of both convolutions and of the
collecting tubules, together with only moderately severe
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protrusion of the muclei of the convoluted tubules.

There is slight to moderate generalised glomerular
tuft enlargement; this is probably the result of
endothelial cell hyperplasia and is accompanied in very
oceasional instances by the presence in some glomeruli
of segmental tuft fibrogis. Some of the smaller arteries
show concentric medial hypertrophy.

Flastie )

5 § A
PoleS. ; stains do not add materially to this analysis.
)

Ho LW

Females.
Rat 1.

Right Kidney: There is slight dilatation of the
proximal convoluted tubules, and severe dilatation of
the collecting tubules. These changes are associated
with frequent protrusion of the epithelial cells of both
tubules into the respective tubular lumina, but less
often with intratubular protrusion of the muclel of
these cells. Occasionally, the tubules contain protein-
taceous material.

The majority of the glomeruli have undergone slight
inerease in size, probably due to endothelial cell
proliferation, and occasionally the enlarged glomeruli

show a hyaline droplet change. lio vascular lesions

AT S A Namaod anal nrromi dal ahaned enrtieal acsara
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are present.
Elastic )

P.A.S. ; stainsg provide no additional information.
)

Holle

Rat 2.
Right Kidney: The tubular changes are similar

quantitatively and qualitatively to those seen in rat 1.
They include slight dilatavion of the proximal convoluted
tubules, aﬁd moderate dilatation of the collecting
tubules. IBoth regiong of the nephron show the
characteristic prominent intratubular cytoplasmic and
nuclear protrusion, of moderate degree, observed in the
previous animals of this group.

Seattered throughout the cortex are occasional
small ischaemic fibrous scars. The blood vessels are
intaet, but the majority of the glomeruli have undergone
slight enlargement, apparently due to endothelial cell

hyperplasia,.

Elastie
stained sections reveal no significant

)
)
PoloSs )
; additional abnormality.

Hebe

Rat 4.
Right Kidney: There are generalised renal tubular
changes which include slight dilatation of the convoluted
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and collecting tubules, together with apparent intratubular
protrusion, of moderate degree, of both cytoplasm and
nuclei in both regions of the nephron. Uceagional
tubules contain aggregates of proteinaceous material.

There is generallsed slipght glomerular enlargement,
due mainly to endothelial cell hyperplasia, and in some
of these enlarged glemerulli hyaline droplets are visible.

The blood vessels appear intact.

stains do not add materially to this
asgessament.

HaE.

Bat 5.

Right Kidney: There is slight dilatation of the
proximal convoluted tubules and moderate dilatation of
the collecting tubules. The collecting tubules only
show intratubular protrusion of their epithelial cyto-
splasm but this is not accompanied by apparent nmueclear
protrusion. These changes are accompanied by slight
generalised glomerular enlargement due mainly to endo-
sthelial ceell hyperplasia. The blood vessels are

intact.

Elastic

%
P.AeS. % stains provide no additional information.
HeEse )
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Rat 6.

Right Kidney: The renal tubular changes are
similar to those seen in rat 5. They include slight
dilatation of convoluted and of collecting tubules,
with prominence and apparent intratubular protrusion
of the cytoplasm in the latter only. Occasional
tubules contain eosineophllic proteinaceous material.
There is generalised slight glomerular enlargement,
probably the result of endothelial eell hyperplasia,
and scome of these enlarged glomerull show hyaline droplet

change.

Elastic ;
PedleSs g stains do not give additional information.
)

HoE»
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GROUP 17.

=) 4
ek !;E;'
(0]

In occasional proximal convoluted tubules there is
slight intratubular protrusion of both cytoplasm and
nucleis This is accompanied by slight proteinuria, by the
presence of pale eosinophilic material within some proximal
tubules, and by the presence of small amounts of proteina-
sceous fluld in the cortical interstitial intercellular
spaces. The glomeruli and blood vessels are intaet.

Bat 4.
In occasional proximal convolutions cytoplasm and

nuclel protrude into the lumen of the tubules. The

glomeruli and blood vessels are intact.

There is slight dilatation of very occasional
collecting tubules, while there is minimal intratubular
protrusion of the cytoplasm of many proximal convoluted
epithelial cells. No glomerular or vascular changes.
Small amounts of interstitial protein-containing fluid
1lle between groups of cortical cells.
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Rab 3.

Minimal dilatation of cortical colleeting tubules,
together with occasional interstitial aggregates of
protein=containing fluid between groups of cortical cells.

lio glomerular or vasculer changes.

Ret 4.

Slight eollecting tubule dilatation associated with
proteimuria; occagional hyaline casts and tubular hyaline
droplet changes Vinimal Iiatratubular protrusion of the
cytoplasm of proximal convoluted tubular epithelieal cells.
Ccecasional glomerull show hyaline droplet change. Mo

vascular anomalies.
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Males.
Bab 1.

Right Kidney: Tubular changes are confined to
slight intratubuler protrusion of both epithelial cyto-
splasm and nuclel, prineipally of the proximel convoluted
tubules. The glomeruli show no recognisable abnommallty.

Bt 2.

Right Kidney: There is slight dilatation of the
cortical collecting tubules, in thelyr outer zone; some
contain proteinaceous casts. There is slight intra-
stubular protrusion of the cytoplasm and occasionally
of the nuelel of the proximal and distal convolutions.
The glomeruli and blood vessels are intact.

Bat 3.
Right Kidney: Tubular changes in this kidney are

slighter than in the previous one. Changes are confined
to the presence in very occasional collecting tubules of
proteinaceous casts. The glomeruli and blood vessels

are intact.

Femaleg.
Beb 1.
} Right Kidneys (Generally, tubular changes in this
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group of animals appear to be rather more prominent in
females than in males.)

There is slight dilatation of both convoluted and
of cortical collecting tubules associated, in the case
of the former, with intratubular protrusion of both
cytoplasm and of many nmuclei. The glomeruli and blood

vessels, however, are intact.

Rat 2.

Right Kidney: Again there is dilatation both
of proximal convoluted and distal convoluted tubules,
and of the cortical collecting tubules. These changes
are commonly seen in association both with nuclear and
with eytoplasmic intratubular protrusion in the
convoluted tubules. The glomerull and blood vessels

are intact.

Rat 4.

Right Kidney: The changes are similar to those
gseen in the previous animal. They include slight
dilatation of both collecting and of convoluted tubules,
together in the latter with intratubular protrusion of
eytoplasm and less commonly muclei. The glomeruli and

blood vessels are intact.
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GROUP 19.
ales.
Bat 2

Tubular changes are confined to moderate collecting
tubule dilatation, with severe intratubular protrusion of
both muelei and cytoplasm of cells of proximal convolutions
and of collecting tubules. There is occasional vacuolation

of collecting tubular epithelial cells. Minimal

enlargement of glomerular tufts is accompanied by endothelial
cell swelling and sometimes ballooning. No vascular
changes.

mt i.

8light dilatatlon of corticel cellecting tubules
with oceasionel vacuolation of their convoluted portions.
Intratubulaer cytoplasmic protrusion of cells of both
proximal convolutions and of collecting tubules. Slight
enlargement of glomerular tufts with apparent endothelial

cell swelling. lNo vascular changes.

La %

Minimal dilatation of cortical collecting tubules, j

with slight vacuolation of cells of their medullary
portions. Intratubular protrusion of cells of the

collecting tubules of the cortex and of the proximal




282.

convolutions. Slight generalised glomerular enlargement
with endothelial cell swelling.,

Females.,
Rat 1.
Autolysis has occurred, [No abnormalities can be

detected.

Rat 2.

Ocecasicnal proteinuria. Intratubular cytoplasmie
protrusion of the cells of the proximal convoluted tubules.
Minimal generalised enlargement of the glomervlar tufts.

Ho vascular lesions.

Rat 3.
Moderate dilatation of cortical colleeting tubules,

with Intratubular eytoplasmic protrusion of cells of both
proximal convoluted and collecting tubules. IHModerate
glomerular tuft enlargement, associated with endothelial

cell preliferation.

80 b
Autolysis has ocecurred, but it is possible to
discern mild intratubular eytoplasmic protrusion of both
convoluted and cortical collecting tubular cells. He

glomerular or vascular changes.
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GROUP 20,

d

Right Kidney: Tubular changes are confined to
protrusion of cytoplasm and of muclei into the lumina
of the convoluted and collecting tubules, associated
with slight proteinuria. The glomeruli and blood vessels

are intact.

Bab 4
Right Kidney: There is slight dilatation of the
cortical collecting tubules. This is assocliated in
some with proteinuria. The glomeruli appear generally
to be slightly enlarged and "crowded". This crowding

| is not, however, due to ischaemia.

Fem .
Rat 2.

Right Kidney: There is slight dilatation of the
cortical collecting tubules. This is assocliated with
intratubular protrusion of both nuclei and of cytoplasm

in convoluted snd collecting tubules, and with a

| characteristic vacuolation of many of the cells of the

collecting tubules. Many of these vacuoles are peri-

snuclear. The glomeruli and blood vessels are intact.
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Rat 3.
Right Kidney: Associated with dilatation of the

collecting tubules is intratubular protrusion of both

miclei and cytoplasm. The glomerull are intact.

Rat 4.
Right Kidney: There is slight dilatation of

both proximal convolutions and of cortical collecting
tubules. Cytoplasmic and sometimes nuclear intratubular
protrusion is seen in both proximal convolutions and

in the collecting tubules. The glomeruli and blood
vessels are intact.
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GEQUP 21.

!‘{ia 135 @

Autolysis has cccurred.

Bat 2.
Moderate intratubular cytoplasmic protrusion of cellg

of the proximel convoluted and cortical collecting tubules,
together with nuclear protrusion of the cells of the
proximal convolution. Slight enlargement of the glomerulax
tufts, a few of which show hyaline droplet change; and
occasional small cortical interstitial protein aggregates.

Ho wascular changes.

Bat 3.
Slight dilatation of cortical collecting tubules.

Moderate cytoplosmice and muclear protrusion of cells of

the proximal convolutions and of the cortical collecting
tubules. Occasional small cortical interstitial protein
aggregates with enlargement of the glomerular tuf'ts, some

of which show hyaline droplet change.

Zemales.

Rat 1.
Slight dilatation of the cortical collecting
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tubules. Intzatubular protrusion of both nuelei end
eytoplasm of proximal convoluted tubuleg and of collecting |
tubules,gome of which are vacuoclated. Minimal slight

enlargement of glomerular tuffts. Occasional small inter-

tstitial protein aggregates.

Bat 2.

Minimal dilatation of cortlesl collecting tubules,
with intretubular protiusion of cytoplasm, and, less
often, muclei of cells of the proximal convolutions.
Vecuolation of medullary collecting tubules. Generalised
8light enlargement of glomerular tufte with endothelial
cell hyperplasia. No vascular lesions.

Bat 3.

Slight cortical collecting tubular dilatation;
intratubular protiusion of cytoplasm and nuclei of
occasional proximal convoluted tubules. Vacuolation of
occasional medullary eollecting tubules. Slight general-
tised glomerular enlargement, with endothellial cell

proliferation. o vascular lesiocns.

Bat 4.
Minimal dilatation of cortical collecting tubules,

with moderate intratubular cytoplasmic protrusion and,
less frequently, nuclear protrusion of both convoluted and -
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collecting tubules. Slight generalisged glomerular
enlargement and endothelial cell hyperplasia. No

vascular lesions.
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GROUP 22.
| Males.
Bat 2.

Right Kidney: The kidney is the site of
moderately severe hydronephrosis. There are no
recognisable tubular changes, and the only significant
abnormalities in the remaining renal cortical substance
are the presence of occasional foei of polymorphomuclear
leukocytes, forming small cortical abscesses, and a
moderate protelnmuria. The glomeruli and blood vessels

are intact.

Ea& !.
I Right Kidney: There is slight dilatation of the

collecting tubules of the cortex. This is assoclated
with slight intratubular protrusion of both cytoplasm
and of muclei in the proximal convoluted tubules. The

glomeruli and blood vessels are intact.

| Rat 4.
f Right Kidney:s The kidney is the site of a severe

hydronephrosiss There is proteimuria, with proteinaceous

. easts in the collecting tubules which are significantly
. dilated. There is intratubular protrusion of both
nmaclel and cytoplasm in the proximal convoluted tubules.
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Pemales.
Rat 1.

Right Kidney: There is slight dilatation of the
preoximel and distal convoluted tubules. This is associated
with prominent vacuolation of the epithelium of the distal
convoluted tubules. There is very slight generalised
enlargement of the glomerular tufts, possibly due to
endothelial cell hyperplasia. The glomeruli and blood

vessels are in other respects normal.

Bat 2.
Right Kidney: Autolysis has advanced so far that
it is not easy to be certain of the nature of tubular

changes. The glomerull show very slight generalised

hyperplasia.

Rat 3.
Right Kidney: There is again severe autolytic
change, HNevertheless it is possible to distinguish both
dilatation of the cortical collecting tubules and
moderate generalised glomerular enlargement. The blood

vessgels are intact.

Rat 4.
Right Kidney: There is slight autolysis. It

ig possible to distinguish both mild collecting tubular
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dilatation, with intratubular cellular protrusion, and
slight generalised glomerular enlargement. The blood

vesgels are intact.
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;

Rat 1. r
Right Kidney: The collecting tubules show

slight to moderate widespread dilatation particularly
in the outer part of the medulla, together with cellular
changes which include protrusion of the vacuolated

eytoplasm into the lumen of the tubules and papillary

epithelial cell hyperplasia. The convoluted tubules
are almost intact, but some distal convolutions contain |
proteinaceous material as do many of the collecting |
tubules.
The glomerular changes are relatively slight:
some show the early endothelial cell vacuolation (balloon-
sing) which is the hallmark of the electrolyte disturbances
produced by severe DCA overdosage. Many, however, show
| only slight enlargement and minimal endothelial cell |
proliferation.
Elastic ) stains confirm the absence of vascular
PeAsS, damage, hyperplastic vascular sclerosis
HeE. and of acute fibrinoid glomerular necrosis.

Rat 2.(8.11.57.)
Right Kidneys Tubular changes, particularly those |
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of the cortical and outer medullary collecting tubules,
are very severe: they are grossly dilated. In many
the epithelial cells protruding in polypoid fashion into
the lumen have been cut across and lie as cytoplasmie
islands within the lumen, forming & row of spheres lying
parallel to the epithelial cells of the tubule. There
is moderate dilatation of the proximal convolutions,
and of the proximal part of the loop of Henle, and the
convolutions particularly show prominent cell changes.

Occasional tubules contain hyaline casts, and the
cytoplasm of some of these tubular cells shows hyaline
droplet change. A few casts also lie in the loops of
Henle. They are rare in the convoluted tubules.

Glomeruli are slightly but generally enlarged.
In many there is both capillary dilatation, and ballooning
of the endothelial cells of the tuft. None show either
the severe transudative lesion of DCA overdosage, or
focal tuft neecrosis. There are no "burst" glomeruli
or arteriolar changesg: some however show epithelial
capsular adhesions with partial obliteration of the
subecapsular spaces.

Elastic )

.y ; staing confirm the absence of vascular

ik g changes and of glomerulonecrosis.
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Ret 3. (31.12.57.)

Right Kidney: The tubular changes are of the
game general pattern as those seen in rat 2, but are much
less severe. Proteinaceous casts are frequent.

By contrast, the glomeruli and small mumbers of
arterioles and small arteries (intratubular) are severely
affected, Many glomeruli have pagssed beyond the stage
of ballooning of the endothelial cells to a stage at which
the centre of the glomerulus is sometimes represented
only by a focus of fibrinoid necrosis and in which the
remainder of the tufty enlarged te an enormous size,
occuples the entire glomerular subeapsular space. The
enlargement is due to a proliferation and swelling of
endothelial-like cells which however do not reach the
proportions of those seen in the less severely affected
animals, and were described as ballooned. Often the
affected glomerulus lies close to a normal arteriole which
sometimes shows no evidence of hyperplasia. Occasionally
an arteriole showing fibrinoid necrosis leads directly
into the "exploded" glomerulus and is involved equally
in the disruptive process. The glomerular capsular
bagsement membyrane is distended but intact. Affected
glomeruli of this type are distributed at random
throughout the renal cortex, and often lie beside glomeruli
which are either substantially normal or show ballooning
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of the endothelial cells. Of the latter, some are |
associated with protein transudate which fills the I-
remaining subcapsular spece and lies within the related |

tubules.
Elastic ) stains confim the integrity of many of

/
P.A.3. ) the interlobular and arcuate arteries and
)
H.E. ) the fibrinoid nature of the change shown
in many glomeruli, arteries and arterioles,
Femaleg.

Rat 1. (31.12.57.)
Right Kidney: Tubular changes are only moderately

severs and very much less striking than those seen in
rat 2 (male)., They include slight dilatation of the
proximal convoluted tubules, with slight intratubular
protrusion of the eytoplasm of many epithelial cells;
dilatation of the distal convoluted tubules which is
more severe than in the proximal tubules; and slight
to moderate dilatation of the collecting tubules which
show occasional polypoidal intratubular epithelial
proliferation. Very many tubules contain eosinophilie
proteinaceous material, especlally those tubules the
glomerulus of which is the site of transudation.

Many afferent arterioles and moderate numbers of

intralobular arterial branches show fibrinoid medial
change: sometimes this is accompanied by intravascular
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thrombosis. The fibrinoid change is frequently segmental,
and aslthough the affected vascular segments vary consider-
s2bly in length, they generally adjoin perts of the vessel
which are entirely normal.

The majority of the glomeruli are sbnormal., Many
show only the enlargement and endothelial cell oedema
described previously, and some of these are accompanied
by evidence of transudation, hyaline droplet change
and proteimurias. Others are more extensively damaged,
aend show both the fibrinoid centre and the concentric
cellular hyperplasia describe& in rat 3 (male). The
nature of this change is sometimes so diffuse that it is
not easy to distinguish glomerulus from arteriole; the
surrounding cellular proliferation is often similar.
levertheless, an intact capsular basement membrane and
the absence of elastic remnants help to make this distinc-
stion., In other instances, the damaged arteriolar seg-
:ment merges into the distorted glomerular structure.
Fundamentally, the disturbance differs only in site and
not in nature.

In some instances a nommal arteriole can be seen
leading to a swollen glomerulus, with a necrotic centre
while in others the arterial segment itself has undergone
abrupt necrosis and can be geen lying alongside swollen

glomeruld.
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It is only occagionally posaible to recognise with ‘
certainty transition between the enlarged ballooned

tLransuding glomerulus and the "exploded" glomerulus with ‘
its necrotic centre., One explamation is that a sudden
change may occur. The response is of a most wmsual ‘
types TFinally, necrotic vessels are apparently not

always associated with necrotic glomeruli, while fibrinoid

foel in these "exploded" glomeruli may accompany normal

arteries and arterioles. The lasi observalion suggests
that the explosive glomerular lesion is a local manifes- ‘
station of glomerular swelling and ischaemia caused ‘
perhaps by progressive swelling of the ballooned mdothelial_

cells.
Elagbie

)
)
PeAS. g stains confiim these observations.
Helle )

Rat 2. (31.2.57.)

Right Kidney: There is slight proximal convoluted
tubular dilatation, together with moderate intratubular
cytoplasmic and nuclear protrusion. The collecting

tubules are more severely dilated, but show less

epithelial cell change. There is neither protrusion
nor hyaline droplet change. |

Glonerular effects are confined to widespread ‘



297. |

glomerular enlargement with only moderate emdothelisl
cell swelling. There is little or no ballooning, and
no evidence of glomerulonecrosis, or "explosive" glomerular

lesions.

Elagstic stains confim both these findings

)
‘PuA.3. % and the absence of glomerulonecrosis
)

Hels and vascular damage.

Rat 3. (31.12.57.) |

|
Right Kidney: The tubular changes are more severe ‘

than those in rat 2. Dilatation of the collecting
tubules is considerable and cytoplasmic and nmuclear
protrusion of both proximal convolutions and of collecting
tubules is severe. However, there is no proteimuria or
hyaline droplet change.

The glomeruli are only slightly involved and the
main changes are endothelial cell swelling and enlargement

of the tufts. There is neither fibrinoid change nor ‘
necrosis of small blood vessels or of glomeruli, and |

there is no evidence of intimal arte_rial fibrosis.

Rat 4. (female). (31.12.57.)

Right Kidney: The changes do not differ
significantly from those seen in rat 1 (female). There
is slight proximal and distal convoluted tubule dilatation,
. with more severe dilatation of the collecting tubules,
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accompanied by slight intratubular nuclear protrusion
and more severe cytoplasmic protrusion in the convoluted
tubules and slight cytoplasmlc changes in the colleeting
tubules. Occasional hyaline droplet change is seen in
the collecting tubules and this accompanies proteimiria.
Glomerular changes are widespread and severe.

They are of the same general pattern as those seen in
rat 1 (female) but less severe. Thrombus occludes some
of the vessels vhose walls show fibrinoid necrosis and

some afferent arterioles are affected.

Elastie )
) stains eonfirm these changes and the
Ph-ﬂos L] )
g absence of segmental glomerulonecrosis.
Hells
Rat 2.

Right Kidney: The tubular changes are slight and
confined to dilatation of the collecting tubules with
slight cyteplasmic changes.

The glomeruli show slight endothelial cell
swelling and ballooning while the glomerular tufts are
slightly enlarged.

Elastic ) sections confim the absence

P.A.8. ; of vascular changes and

HeEs ; glomerulonecrosis.
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dalog,
Bab 2, Rs kidoey. (Picro-dallory).

Severe dilatation of the cortical collecting
tubules, and to a lesser extent of the distal convoluted
tubules, is the main cause for the extreme renal
enlargement seen in this animal. There is glight
dilatation of the proximal convoluted tubules, accompanied
by protrusion of the cytoplasm and muclei of many of the
convoluted and collecting tubular cells into the
respective tubular lumina, Many collecting tube cells
are vacuolated and contain proteinaceous material, while
in some the presence of hyaline casts is accompanied by
epithelial hyaline droplet change.

There is generalised glomerular enlargement,
due to endothelial cell proliferation and to "ballooning"
of the tuft cells. In a small number of glomeruli
transudation of protein into the subcapsular space has
occurred and in others hyaline droplet change is pregent,.

No vascular lesions are geen.

Bak 3. Re kidoey, (Picro-dallory).

Tubular changes are rather more severe than in
the previous animal, There is extreme collecting tubule
dilatation ~ some contain proteinaceous material.
Proximal and distal collecting tubules are moderately
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dilated and occasionslly their cells show both muclear
and oytoplasmic intratubulsy protrusion, The majority
of glomeruli are enlarged, and show both moderate
endothelial cell proliferation and severe endothelial
cell "ballooning". In some the capsule is thickened,
and occasionally crescent formation can be seen,
Transudation of protein into the subeapsular space is
vare, and hyaline droplet change is uwncommen,  Theve
are no vascular changes.

Femglog,
Bak 1. Owing to autolysis histological detail is

largely obscured.

Bat 3. BaJsldnay, (Plero-Mallory).
There is severe collecting tubule dilatation

and alight dilastation of the distal convolubed tubules.
These changes aye accompanied by frequent and severe
intratubular protrusion of the muclei and eytoplasm of
both proximal convoluted and collecting tubular
epithelial ecellss There is occasional proteimuria.

The majority of the glomerul)i eve enlarged, and
endothelial cell hyperplasie is sccompanied by frequent
"ballooning” of eelliss Some glomerular subespsular
spaces conbain transuded proteinacecus fluid, There are
no vaseular changese
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Rat 4s Ba kidney, (Picro-tallory).

The distribution end severity of the changes are
gimiler to those seen in Rat 3. Collecting and distal
convoluted tubular dilatation is of moderate severity,
while the intratubular muclear and cytoplasmic cell
protrugion is also of slighter degree than in Rat 3.

A gmall numbar of tubules contain proteinacecus fluid.

There is generalised, moderately severe glomerular
enlargement, due partly to endothelisl cell hyperplasia
and partly to cytoplasmic "ballooning®, Small mumbers
of glomeruli comtain transuded subcapsular proteinaceous
fluid,
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lales.
Bat 1.

Right Kidney (Picro-Mallory): Severe collecting
tubule dilatation accompanies moderszte dilatation of
the distal convoluted tubules. There is slight dilata-
stion of the proximal convoluted tubules and of the
ascending and descending loops of Henle. Protiusion
of muclel and cytoplasm into the tubular lumina is
present only in the proximal convolutions. Oceasional
eollecting tubules contain proteinaceous material.

Most glomerull are enlarged, partly due to
endothelial cell proliferstion end partly to "ballooning®.
A few contain transuded proteinaceous fluid within
their subscapsular spases. Occasional small protein
aggregates lie apparently free within Interstitial tissue
spaces.

There are no gignificant vaseular leslons.

Rabg.

Right Kidney (Piere-Mallory): Gollecting,
proximal and distal tubular dilatation are cach slightly
less severs than in the previous animal. Nuclei and
eytoplagn occasionally protrude within the lumina of the
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proximal convolutions, while some néphrons contain
transuded fluid.

There is generalised slight £lomerular enlargement
with beth endothelial cell hyperplesia and "ballooningt.
A single glomerulus shows a characteristic aocute focal
necerotic and aneurysmal lesion. There ls widespread
arterioler fibrinoid change, and slight but significant
arterial hyperplasia,

Bat 3.

Eight Kidney (Piecro-tallory): Tubular changes
are elmost identical with those seem in rat 2; they
include moderate eolleotlng tubule dllatation, slight
dilatation of both convolutionsg, and occasional
proteinuria., lost glemerull are enlarged, with
endothelial cell hyperplasia and "ballooning®, while
arterial hyperplasia accompanies frequent ascube fibrinoid
arveriolar change.

Bat 4.

Right Kidney (Picro-Mallory): There is moderate
dilatation of the collecting tubules, and slight
dilatation of the distal convolutions. Occasional
tubules contain proteinaceous fluid. Glomerular
enlargement due both to endothelial cell hyperplasia
and "ballooning" is accompanied by frequent arteriolar
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fibrinoid necrosis, slight arterial hyperplasia, and the
presence of proteinaceous fluld within occasional sub-

seapsular spaces.

Females.
fat 1.

Right Kidney (Picro-Mallory): There ig severe
collecting tubule dilatation. This accompanies slight
intratubular eytoplasmic protrusion of proximal
convoluted cells, and oceasional proteimuria.

Generalised slight glomerular enlargement is due
to endothelizl cell proliferation and "ballooning”.
Many arterioles show fibrinoid change and there is
slight arterial hyperplasia.

Rab 2.

Right Kidney (Piero-Msellory)s The changes are
relatively slight. There is only moderzte collecting
tubule diletation, and slight enlergement of the glomerular
tufts accompanies "ballooning" of a small proportion of
endothelial cells., There are no significant vaseular
changes.

Rat 4
Right Kidney (Piero-iallory): There is moderate
dilatation of the colleeting tubules and slight dllatation
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of the distal comvolutions. Cytoplasn of occasional
proximal eonvoluted epithelisal cells protrudes inte the
tubular lumina, and there is proteinuria. Glomerular
enlargement, which is widespread, is due to hyperplasia
and "ballooning" of endothelial cells. There ia
fraquent artericlar fibrincid necrosis and arterial

hyperplagia.
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Hales,
ab 1.

Right Kidney (Plero-ilallory): There is slight
dilatation of the cortical collecting tubules, and
8light generalised glomerular enlargement assoclated
with terminal endothellal cell byperplasia and
endothelial cell "ballooning®. Ne vageular chenges.

Bat 2.
Right Kidney (Picwo-iallory): Slight dilatatlon
of the distal convolution and of the cortical
eollecting tubules is associated with minimal intra-
stubnlar oytoplasmic and muslear protiusion of the
epithelial cells of the convoluted and collecting
tubules. These changes accompany slight generalised
glomerular enlargement due %o endothelial cell prolifera-
stion. DNo vascular changes.

g@t 4-
Right Kidney (Picro-Mallory): Autolysis prevents

reliable obgervations.

Females.
kot 1.
Right Kidney (Picro-Mullory): Slight dilatation
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of the cortical collecting tubules, a few of which contain
protelnacecus fluids Slight to moderate generalised
glomerular enlargement with endothelial cell proliferation
and occasionally "ballooning', sccompanied in some cases
by hyaline droplet change. No vascular lesions.

Bab 2.

Right Kidney (Picro-Mallory): Slight dilatation
of eollecting tubules with occasional proteinuria.
Slight gemeralised glomerular enlargement, with minimal
endothelial cell hyperplasia. No vascular lesions.

Bab 3.

Right Kidney (Piero-Mallory): Minimal dilatation
of cortical collecting tubules, wilth occasional very
slight protrusion of the cytoplasm and muclel of both
proximgl convoluted and collecting tubules into the
respective tubular luming. iinimal generalised
glomernlar enlargement associated with endothelial cell
hyperplasia. o vascular lesions.

hat 4.
Right Kidney (Picro-Mallory): lNMininal dilatation

of the cortieal collecting tubules, with occasional
proteimuria, and moderate intratubular protrusion of
both muclel and cytoplasm of cells of the proximal,
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distal and collecting tubules. Moderate generalised
glomerular enlargement, with endothelial cell
preliferation and "ballooning®, occasional transuded
protein-containing fluid in the subcapsular spaces,
and very occasional fibrinold arteriolar necrosis.
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GROUP 27..
Males.
Rat 2.

g; kidneys (Piero-Malloxy).

Tubular changes are confined to minimal intra-
stubular aytoplasmic and nuclear protrusion in the
proximal convolutions. These changes are so slight
that they may be artefactuel. Oceasional slight
glomerular enlargement. No vascular changes.

Rat 2.
%% kidneys (Picro-Mallory).

Tubular and glomerular changes do not differ
significantly from those seen in Rat 2. No vascular

changes.,

Rat 4.

f‘g kidneys (Piero-iallory).

The kidneys are the site of an extensive
granulomatous infective process which makes valid comment
on their deteiled struciure impossible.
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Fem .

Rat 1.

R.)

1) kidneys (Picro-lallory).

Brugh borders of the proximal tubules are
unusually prominente There is ninimal generalised
glomerular enlargement. No vascular changes.

Bag 2,
1;.% kidneys (Piero-iallery).

The appearances do not differ significantly from

thoze secen in rat l.

Bat 3.
f:g kidneys (Plero-Mellery).

The appearances do not differ significantly from

those seen in ratbt l.

Rat 4.
Lﬂ’g kidneys (Piero-Mallory).
The appearances do not differ significantly {rom
those gsen in rat 1.




311.

Males.
Bat 3.

f:g kidneys (Picro-iallory).

Oceasional slight intratubular eytoplasmic
protrusion in the proximal conwvelutions. Brush borders
ere umusually prominent. No glomerular or vascular

changes.

Rab 4.

%g kidneys (Fisvo-iallory)s.

The appearances do not differ significantly from
thoge in rst 3.

Females.
Rat 1.

Fe) kidneys (Piero-Mallory).

L.)

The appearances do not differ significantly from
those seen in rat 3 (male) .

Lat 2,
%; kidneyg (Picro-iizllory).

The appearances do not differ significamtly from
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those in rat 3 (male).

R§§ 2-
g:g kidneys (Picro~Malloxy).

Severe autolysis prevenits a reliable estimate of

histological changes.

Bat 4e

%% kidneys (Picro-iallory).

The appearances do mot differ signifieantly

fyom those in rai 3 (male).
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aled.
Bab 2.
E‘; kidneys.

No glomerular or tubular abnormelities with the

exception of occasional proteinuris.

Noxmal blood

vessels. lNo foeal glomerular necroses.
Rat 3.

Re) s

L-) kzdne;fa.

Noxmal glomeruli and tubules.
proteinaria, but no vasoular lesions.

necrosed.

Bat 4.

)

Re
L)

kidneys.

No glomerular or iubular lesions.

vessels, Occasional protelmuria.

focal glomernlar necroses.

Pen
Rat 1.

)

Re
Le)

kidneys.

Decasional

lo focal glomerular

Normal blood
In particular, no




314.

The glomeruli are intact and there are no focal
necroges. Nommal tubules and blood vessels. COccasional
proteinmuria.

L 2.

R )
Le) kidneys.

No focel glomerular lesions: glomeruld and
tubules are intact. ommal blood vessels. Ocgasional

proteimuria.

Bat 3.

R.)

L.) kidneys.

Glomeruli and tubules are intact. No focal
glomerular necroses. Nommal blood vessels. Occasional
protelnuria.

Ret 4.
Re)
Li) kidne;fs.

lio glomerular or tubular lesions. No foeal
glomerxular necroses. Noimal blood vessels. Occasional

proteinuria.

|
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Rc)

1. kidneys (Piero-Mallory).

The histological changes are minimal. lMany
convoluted tubules show intratubvlar protrusion of
both cytoplasm and nuclei, but this is of minor
degree and nowhere as severe as 1n the animals
deseribed in other groups. There are no significant

glomerular or vascular changeé.
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GBROUP. 34.

%3 kidneys (Picro-lMallory).

Renal changes are minimal in degrce and nowhere
is there recognisable gignificent alteration in tubular,
glomerular or vascular structure. Occasional aggregates
of chronic inflammatory cells (liymphocytes and histioeytes)
lie among the cortical tubules but their presence appears

to be incidental to the present observations.
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APFENDIX 6

Chronological ascount of experimental work

26:4.55. Right nephrectomy on 7 rats, using midline
incision: gut displaced to one side, renal artery and
vein clamped and ligated. Seme difficulty in avoiding
inferior vema cava. Right suprarenal apparently intact.
Rat 1 died at once (due anaesthetiec)
" 2 w o w n " "

3 dled overnight (haemorrhage)
4 died 2744455 )
5 o 2704455 i delayed haemorrhage

6

7

]

" 2744455 )
alive.

| 89:4:35. Rat 7 remains alive. Plethysmographic blood

pressure recording deviee nearly ready.

2+5455. Right nephrectomy, through lumbar incision, on
6 more rats, Gut displaced but not exteriorised. Adremal

avoided. Renal vessels ligated and divided. Masgive
bleeding followed the slipping of ligatures from the
pedicles of two rats which subsequently died.

Rat & died (haemorrhage)

n 9 L ]
" 10 alive
n 11 n
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9s5.55. Introductory trial of modified Goldblatt clamp
as cause of renal ischaemia.

Rat 14: L. renal artery easily identified, but
animel died (anaesthesia).

Rat 15: 1. renal artery not found: abdomen closed

without further procedure.
Rat 16: L. remal artery idemtified. I. kidney
mobilised through incision « 10 ml. syringe used as

| "sandbag® to support loin. Artery dissected out anteriorly

and posteriorly. Clamp forceps slipped in around artery,
but not vein, and silver wire ¢lip closed (to leave gap
of 0.3 mm.) around a gulde wire which was then removed.
Abdomen closed in layers with interrupted stitches.
Animal alive at elose of operation,
Rat 17: Silver elip applied to this further rat
today.

12.5.55. Rat 18 )
" 19 § Right nephrectomy, through right loin
" 20 % incision, ether anaegthesia.
« 3N 3 Alive on following morning.
to22 )
)
* 23)

16.5.55. Right nephrectomy performed on 6 further rats
today (Noss 24 ~ 29). All alive.

17.5.55. FEight nephrectomy on seven further rats today,
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one of which died from meathasiﬁ. Remainder alive.
(Ra’b‘ 30 " 36)¢

19.5.58. Right nephrectomy on six further rats teoday.
Venous bhleeding from one animal, but others well. (Rats
37 e 42)-

24s5.55, Right nephrectomy on six further animals. All
well. (Mﬂlﬂ*ﬁﬁ)-

gf_;,-ﬁ.ﬂ. Right' nephrectomy on six further animals today.

(Rats 49 - 54). A1l well. Might nephrectomy also
performed on the two animals Yo which the left renal

arterial clamps had been applied successfully (nos. 16
and 17).

30.5.55. Plethysmograph now ready. Initial attempt ab

recording pressures, under ether anaesthesis, An easily

detected end point waas found, the depth of anaesthesia bed.né
.‘anorbarrh.
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2.6.55. EBlood pressures recorded again.

(1ight aneesthesia) Sab.i
156 ) 90 ;
Jum o Hge . HE.
150 ) 9% )
Jmean 153 ) mean 92
154 ) 92 )
(deep anaesthesia)
144 )
) mm«He.
138 )
) mean 141
140 )
téi
Bat 16 Rat 17
140 ) 100 )
) mm.Hg. ) mm.Hg.
140 ) 100 )
) mean 139 ) mean 99
138 ) 9% )

13.6.55. Lesks occurring in manometer, Glass inserted in
place of rubber menometer cuff,

Rat 17 then killed, to provide an index of efficacy |
of renal clamping,

14:6.55.~ Silver wire clips applied to left renal arteries
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|
of 6 animals upon whom right nephrectomy had been pmﬂonaly'r
perfomed. Because of difficulty in applying elips, the ‘

venal velne weve included. The kidneys of two animals at ‘

haemorrhage. The kidneys of the remainder appeared

once besame pale and ischaemic: one showed subcapsular \

16,6455, One animal to vhom renal clamp applied on 14..6..55\
now dead. \

20.6.55. Right nephrectomy performed on rats 55 - 61. ‘
|
A1l survived.

21.6.53. Right nephrectomy performed on rats 62 - 69,
One died, the remainder survived.

3.8.55, Applicatlon of new wire in 6 rata, previously
having had right nephrsctomy, te left renal artery. Except
in one animal in vwhich the kidney was exposed anteriorly, ‘

the main renal arteries were exposed posteriorly through

a lumbar ineision, and separated from the velns. Blaeding‘
from the veins was frequent but was always more or less
controlled by packing. The artery wss raised with an
aneurysm needle, the clamp slipped round and rotated until
the closed end lay distally. Artery forceps were then
used to close the clamp, leaving & gap judged to be
adequate. Only one kidney showed the immediate pallor ‘

of undue ischaemia; in one other, patchy ischaemia of ‘
the lower pole only oceurred. |
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4s8:55, Al rats survived.

5.8,55. Two rats found dead this morming,

In the remain-

sing 4 animals the blood pressures were recorded.

Rat 5

128

+Pi.in
.Hg-

Mean

k15 &

kEE°

42

Necropsy.
Rats &
124
B . P . u )
130
mtﬁsi
428
Mean 127

6.8.55. Further rat (5) died today.

EEEE -

110
108

& |

EEEE -

8.8.55, Rat 6 desd this morning. Necropsy mot possible.

Rats

BsPs in
m.H@«

Mean

7

181
175
i1
178

| 10.8.55. Rat 7 dead this morning. Necropsy.
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11.8:35., Pressure readings in rat 8 todsy difficult and
fluctuating.

12,8,55, Rat 8 dead this morming. Nesropsy. At this

point the method of recording blood pressures was reviewed,
and it wag decided that a new optical system (Byrom, 1947) i
should be imtroduced. |

3410.55. The new optical blood pressure recording deviee
is now ready.

4010.55, No success with new apparatus. Copper tubing
substituted for rubber in many places. |

11.10.55. After several days trial during which leaks
were found and stopped, end apparatus mede airtight, it
wag found posaible to record human blood pressures. In
the first two animals used no readings were available.
Eventually in a third anaesthetised animal, fine, somewhat
irregular pulsation became visible; with an asmplitude of

5 = 10 mm. Regulation of the balance of pressures within
and without the perspex chamber and the recording cl!.aph:mmE
enabled the point of optimal oseillation to be chosen.

An initial pressure was measured, and the difference in
pressure taken on the upward and on the downward

movement of the manometric meniscus was found to be enly |

4 mm.Hg., Some interference from external vibration was

experienced.

| 12.10.55, At this point it was judged suitable to make
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definite plans for the experiment.

Group I constituted today. Each of 12 animals had |
Unilateral nephrectomy ‘
DOCA implant |

(
(
E Repetitive injections of DCA in oil "
( 1% NeCl in place of drinking water, '

M! 1 Mean R«P» 113 m.Hg- m T Hean B.P. 125 m.llélo

| 2 113 8 129
3 121 9 117 ‘_
4 104, 10 02
5 112 11 101
6 103 12 95

17:10+55, Injections of DCA in oil started to Group I.
50 mgs in 1.0 ml. under ether anaesthesiz, in two divided
amounts (0.5 ml. inte each hindlimb).

Rab 10 died from anaesthetic.

18.10,55. A1l rats of Group I remain well with the
exception of Rat 12 (dead).

20.10,55. Control group with unilateral nephrectomy
established today (Group IT).

&2 1 Mean B.P. 122 mm.Hg. _R,ﬂ 7 Mean B.P+ 119 m.ﬂgl!

2 109 8 118 ||
3 128 9 118 |
4 118 10 w
5 117 il 105

o g
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24+10.55. Group I injected with 5 mg. DCA in propylene
glycol, owing to temporary shortage of commerecial oily
suspension.

29410455, Group I injected each with 5 mg. oily DCA.

M Gmp I: 5 mg. DCA eagh I.M.I.

15.11.55. Blood pressures meassured. 5 mg. DCA given
eaﬂh by I.M‘I‘

17.11.55. Renal clamp applied to the right renal artery
in two animals, while in three more animals right renal
elamping was unsuccessful.

22411.55, Raits of Group I given 5 mg. DCA in oil by I.M.I.

23.11.55. 3 »ats attempted application of right renal
c¢lamps. In each nephrectomy had to be performed on account

of bloediﬂg;

28,11.55. Blood pressures of Group I measured, and 10 mge.
DCA in oil given to sach.

Qelled3.

Each having previously had a right nephrectomy, now started
on L.M.I. Hydrallazine 4 mg. daily, equivalent in a 200 g.
aninal to a daily human dose of 1.4 g. i

;—'M& Group I. BePs. measured. 5 mgs DCA each., |
|
| Group 2. 4 mg., Hydrallazine each. |
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2:12.85. Group 2« 4 mge Hydrallezine each I.M.I.
3412455, Group 2+ 4 mg. Hydrallagine each I.M.I,

541255, Group I. BePse. measured. 5 mg. DOA each.
Group 2, Hydrallazine 4 mg. each L.M.I.

612,53, Group 2. Hydrallazine 4 mg. each I.M.I.

7:12+55, Group I. B.Ps. measured. 5 mg. DCA each.
Group 2. Hydrallazine 6.6 mg. each IL.M.I.

9.12.55. Using merthiolate as antisepile, subcutaneous
implants of 25 mg. DCOA inserted inte each aninal of '
Group L. Group 23 Hydrallazine 6.6 mg. each I.M.I.

10,12.55, Yesterday's wounds intact.
Group 21 ”!_{ydra]lazine 646 mg. I.M.I. each.

12.12.55. Group I. Implants intact.
Group 2. Hydrallazine 6.6 mg. I.M.I. each.

13,12.55. Group 2. Hydrallasine 6.6 mge I.M.I. each.

These were rats, whose blood pressures before treataen'*l
are known to be normal, and which are to receive Hydrallazine

daily.
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Blood pressures - Group 3 (Rats 97 = 108).
Rats 1 Mean B.P. 115 mm.Hg. 7 Mean B.P. 100 mm.Hg.

2 110 8 120
3 95 9 118
4 110 10 115
5 110 11 120
6 102 12 120

14412455, Group l. Blood pressures measured.
Group 2.)
) Hydrallazine 6.6 mg. I.M.I. each.

Group 3.)

2 rats of group 3 dead today.

15.,12.55« Group l. Blood pressures measured.

Group 2.)
) Hydrallazine 6.6 mg. I.M.I.

Group 3.)
R rats of Group 3 dead today.

16.12.55. Group l. Blood pressures measured.
Group 2.)

) Hydrallazine 6.6 mg. I.M.I. each.
Gmup 30)

17 . . Group 20)
) Hydrallazine 6.6 mg. I.M.I. each.

Group 3.)
19.12.55. Group l. Blood pressures measured.

" 1, DCA 5 mg. each I.M.I.

"oo2.)
) Hydrallazine 6.6 mg. each I.M.I.

v 3,)
1 rat of Group 3 killed selectively in an attempt
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to determine why the mortality of this group is so high.

200126554

21.12.55,

221 . L]

6.1 L] L]

Group 2e)

)
Group 3.)

Group l.

Group 2. %

Group 3.)

Group 2. )

Group 3s)

Group l.
Group 2.)

GI’O\IP_B.)

Group I 20%
Group 3.)

Hydrallazine 6.6. mg. I.M.I. each.

Blood pressures measured.

DCA mge 5 L.M.I. each.

l{ydrﬂlazine 6.6 mgq I.M.I.

cache

Hydrallagzine 6 mg. I.M,I. each.

DCA 5 mge I.M.I. each.

Hydrallazine 646 Mg IM.I.

Hydral].BZine 6‘6 MNe I.M.I,

1 rat of Group 3 dead today.

Group 1.

Group 2-3
Group 3.)
Group ‘ 2e)

Group 3.;

Group 2s)

L L

Group 3.

DGA 5 mga I.M.I. Bach.

Hydrallaﬁine 6.6 mnge I.M.1.

H&"drallﬂ.zine 6.6 mge I.M.I,

Hydrallagine 6.6 mg. I.M.I,

each.

eachs

each.

each.

each.
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29.12,55, Group 2.;
Group 3.)

Hyar&llﬁme 6.6 mge I.M.I. each.

30.12.55. Group le Blood pressures measured.

DCA 5 mee I.M.1. each.
Group 2.)

Hydrallazine 6.6 mg. I.M.I. each.
Group 3.)

Rat 4, Group 1 dead.

31:12.55, Group 2-;
Gmup 33)

Hydmllaﬁm 6.6 mge I.M.I. each.

M Gronp 1. DCA 3.3 mgs I.M.I. each.
Group 2.)

Hydrallazine 6.6 mg. eash I.M.I.
Gm&p 3&

321.56,  Group 2.)
) Hydrallazine inecreased to 10 mg.
GWRp 3-) I.M.I, each.
4sle56s Group le Blood pressures measured.
DOA § mg« I.M.I. each.
Gl‘oup 2Qg
Hydrallazine 10 mg. I.M.I. each.
Group 3.) E
2 more rats of Group 2 dead today - the dose of
Hydrallagine is now above the 1P 50.
1 rat of Group 3 dead, and one other killed
selectively. This afternoon, convuisions were observed
in one animal. Two hours later recovery was complete.

Decided to reduce Hydrallazine dosage to previous level.

5.1.56, All animals alive today.
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Group 2.;
Hydrallazine 6.6 mg. I.M.I. each.

Group 3;)

él;¢56a Gmp 1. DGA 5 mZe I.M.I. each

Group 2.;
Hydrallazine 6.6 mg. each I.M.I.

Group 3.)
4 enimals of the original Group operated on today.

Clips applied to left renal artery, following previous
right nephrectomy.

i.l:ié: Gmp 2.)
) Hydrallazine 6.6 mg. I.M.I. each.

Group 3.)

«1456. One implant of animal in group 1 extruded
today - question arises (a) as to whether the implants
of 9.12.55 were adequate in amount, (b) as to whether
they were still in situ.

10:1.36,  Clips applied to left renal arteries of two
further animals of oxiginel group, with previous right
nephrectomy. Attempted application of right remal elamp
to 4 other animals (Rats 75 - 78).
Rat 75 Right nephrectomy.

" 76 Left renal clamp.

. N Right renal clamp.

" 78 Died.

Group 2;
W&m 6.6 mgs I.M.I. each.
Group 3.)




These animals had:

Previous right nephrectomy) -
) For B.P, see Table
Left renal clamp ) and Graph. -

Group l. Blood pressures recorded.

12,1.56. Right renal clamp applied to 6 more rats
(Rats 79 - 84).
Group 2.)
) Hydrallgzine 6.6 mge I.M.I. each.
Group 3.)
13 6o Rat 6, Gmp 4 died tﬂdw-
Group 1, DCA 5 mg. I.M.I. each.

Group 2.;
mmnﬂ-mo 6.6 ML I.M.I. sach.

Group 3.)

These are young anihals with right remel
elamps applied on 10.1.56, on 12,1.56 and 5 more on
19-1:56.

l&;=i6t Group 2.)
) Wdrmazine 6.6 nge IoHan ﬁaﬁhn
Gmp 3-)

;631.26, Gmup Y DCA 5 nge I.M.I. each,.

Group 2-;
Hydraliazine 6.6 mg. I.M.I. each.

Group 3.)
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«1s56 Group 2.)

Hydrallazine 6.6 mg. I.M.I. each.
Group 3.)

Group 5. Blood pressures recorded.
Rat § died from enaesthetic.

Ssle Group 2.;
Hydrallazine 6.6 mg. IL.M.I. each.
Group 3.)
Group 40)
} Blood pressures recorded.
Group 5.)
19.1.56, Group l. Recoxding of blood pressures and
injections of DCA temporarily discomtimued, to swait
arrival of fresh implemts, the addition of which may

_replﬂeﬂ the I.M, m‘ﬁamu

20:1s56,  Group 4.)

Blood pressures recorded.
Group 5.

21,1,56,  Group 203

Hydrallagzine 6.6 mg. I.M.I. eash.
Group 3.)

23.1.56, Group 2.;

Hydrallazine 10 mgs I.M.I. each.
Group 3.)

Group 5. Blood pressures recorded.

24s1.56, 1 rat of Group 2; found dead this morning,

probably the result of the |
1 rat of Group 3) increased dose of Hydrallazine

yesterday.
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35’1‘56' Gmuy 1. All alive.

Gmp glg
Hydrallazine 10 mg. I.M.I. each.
Group 3.)
Group 4.
) Blood pressuresg recorded.
Group 5-)

Leaks in pressure recording apparatus repaired.

26.1.2@- Gmp 2-))

Hydrallazine 10 mg. I.M.I. each.
Group 3.)

27414564 Group 2#;

Ky'dr&llmne 10 g I.M.I. each.
Group 3.)

ggslesén Gm;: 20)
) Hydrﬂllaﬁine 10 Hge I.M.I. each,

Group 3s)
Rat 5, Group 4 dead today.

3 Qilzié- Group 2.;

Bydr&ll&’ine 10 nge I.M.I. each.
Group 3.)

31.1.56, Group 2.;

Hydrallazine 10 mg. I,M.I. each.
Group 3.)
Convulsions observed today in 1 rat of Group 3, and
in 2 rats of Group 2, begianing 1} hours after injection
and lasting 3 ~ 4 hours. No relief following the I.M.

injection of 100 mg. glucose in 1074 solution.

152,56, Group 2.;

Hydrallazine 10 mg. I.M.I. each,
Group 3.)
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Within 70 minutes of injection, tetanic convulsions
developed in 1 rat of Group 2. No laryngeal stridor.
Although spasms appeared to be spontaneous, they could
often be initiated by sensory stimuli such as noise.

22:564

(Group I (B) ),
New implants arrived. Each animal in this group

received an implant of 100 mg. DCA, carefully stitched
in position, following left nephrectomy, and was given
1% NaCl in place of tap water to drink.

Rats 85 - 96 used (as Group I (B) )« Rat 96
died from anaesthesia.

Group 2.)
) Hydrallazine 10 mg. I.M.I. each.

Group 3.)

1 rat of Group 3 dead today: post-mortem examination

not possible, mumber unknown.

3s2+ 56, Group 2.;

Group 3.)
1 rat of Group 2 dead today (number unknown).

Hydrallazine 10 mg. I.M.I. each.

4s2:56, Group 2.;

Hydrallazine 10 mg. I.M.I. each.
Group 3.)

642.56, Group 2.;

Hydrallazine 10 mg. I.M.I. each,
Group 3.)
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7222560 Rat 6, Group 2, dead today. At this point
it was decided to kill the remaining 2 animals each, of
Group 2 and Group 3, in order to obtain well fixed

material.

Groups 2 and 3 thus concluded.

16,2.56s 1 rat of Group I (B), dead today - post mortem
examination not possible.

17s2.56s 100 mg. DOA implanted into the 2 remaining
enimals of Group I (A), nos. 3 and 6.

19.2.56. 50 mg. more DCA implanted into each of rats
1, 2, 5, 7, 8, 9 and 11 of Group I (A); all of this group
now have implants of 100 mg. DCA.

9+3.56. 1ratof&roupl(a)g
1 rat of Group I (B) )

dead ‘boday.

go:zgiég Rat 10’ Gmup 5 dead tOdByo

23:3.56. 1 rat of Group I (4) dead today, Post mortem
examination not possible.

26+3.56s It now appears that the rats of Group I (4)
are dying off rapidly, posgibly owing to age and to
chronic lung infection.

Rat 2, Group I (A), dead today.
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2¢4456s 1 rat of Group I (&) )

) dead today.
1 rat of Group 4. )

Post mortem exsmination not possible. The
remaining two rats of Group 4 killed today to provide
well fixed material,

6s4s36s . The remaining 5 rats of Group £ (4) killed

20s4s56, Blood pressures of rats of Group I (B) and of
Group 5 measured today, The bleod pressure of the
latter group was not raised, and owing to their obvious
lack of response, it was decided to kill them,

21s4e56. Remaining 6 wats of Group 5 killed today,

15,5.56.  Remaining 8 rats of Group I (B) killed today,

These are young animals in whom left nephrectomy
wes combined with an implant of 100 mg. DCA, inserted
through a separate left posterior cervieal incision,
and in whom )% NaCl was substituted for tap water to
dyink.
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Veridngs

112 1 1L
113 2 2 L.
114 3 3 L.
115 4 1 R.
116 5 2 R.
117 6 3 R
118 7 1L.1R.
119 8 2 L. 1 R.
120 9 2 Ls 2 R.
121 10 3 L. 1R.
122 11 3 L. 2R.
123 12 Unsatisfactory

operation.

Rat 10 died following operation.

20:6.56. 411 remaining 10 rats of Group 6 well.

| 21:6:56. Group 7 started teday. Left nephresteay, 100 ng.
DCA implant, 1% NaCl.

Bat (geries mumber) Group lo. Markings

124 1 1L,
125 2 2 L
126 3 5 W
127 4 1 R.
128 5 2 R.
129 6 3 R.
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23:6.56. (Group 7 continued.)
Rat (geries mumber)  Group Ho- Markingg

130 7 1L 1R,
131 8 2 L. 1 R.
132 9 2L. 2R,
133 10 3 L. 1R.
134 i1 3 L. 2 R
135 i2 3 Le 3 R.

24:6.56, All animals of Group 7 well today.

26:6.56. Injeetion of Hydrallazime started today. Each
animal of Groups 6 and 7 injected I.M.I, under ether
anaesthesia with & mge of wm-

27:6:36, Group 6

)
) 4 mg. Hydrallazine each, I.M.I.
Group 7 )

28.6,56, Dose of Hydrallazine imoreased to 6.6 mg, I.M,I,
cach today. The results were disastrous., Within i}
hours of injection 95% of the animals of the two groups
developed convulsions and 13 died; 9 remain alive.

A% post morten examination, the DCA implants were
removed for further use.

29.6.56. To supplement the now depleted Groups 6 and 7,
left nephrectomy and the implanmtation of 100 mg. DCA

was now earried out in a further group of 8 rats (136 -143)L

The earlier group was amalgamated to form Group 6. The
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latter; new group, was numbered Group 7.

2:7:86. All rats of Groups 6 and 7 remain alive and
wells

16,7.56. The daily injection of both Groups 6 and 7
resumed. Hydrallazine 2 mg. I.M.I. each.

17:7:56, = 21.7:56. Groups 6 and 7. Hydrallazine 3 mg.
I.MdI. eachs

237256, ~ 2657456, Groups & and 7. Hydrallazine 4 mg.
I.M.I. each,

27.7.56. One rat of Group 7 found dead this morning
(Rat 1).

28:7:56, Rats Groups 6 and 7 - Hydrallazine 4 mg. I.M.I.
each.

3047:56s 1 rat of Group 6 dead this morning (Rat 1).

Remainder of Groupe 6 and 7 - Hydrallazine
5 mge I.M,I. each,

30756, 18256 - 2:8,36. Groups 6 and 7 ~ Hydrallasine
5 nge I.M.I. ecach,.

1 rat of Group 6 (Rat 2) killed today.

228230 = 428238, 0618250 - 18436, (Groups 6 and 7 -
Hydrallagzine 5 mgs L.M.I. eagh.
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1 rat of Group 6 dead this morning. Post
mortem examination not possible.

Blood pressures of Groups 6 and 7 recorded

(ﬂee Ta.'ble) -

10.8.56 - 11,8.56, Groups 6 and 7 - Hydrallasine 5 mg.
I.M.I. eaghs

13.8.56 - 14:8+56. Groups 6 and 7 - Hydrallazine 6 mg.
I.M.I. each.

1 rat (Rat 4, Group 6) died anaesthesia
today.

15+8456 ~ 1648456, Groups 6 and 7 - Hydrallazine 6 mg.
I.M.I, each,

17:8:56 - 18:8.56, 20:8:56 - 23.8.36. Croups 6 and 7 ~
Hydrallazine 6,6 mg. I.M.I. sagh.
Blood pressure of Groups 6 and 7 measured

today. Each givem Hydrallazine 6.6 mg. I.M.I.

2428:536, Groups 6 and 7 - Hydrallazine 6.6 mg. I.M.I.

each.

248456 = 20,9,56, Groups é and 7 injected daily (except

Sundays), with 6.6 mg. each of Hydrallazine.

1.10.56. Remaining 7 rets of Group 7 killed today, to

enable selective post mortem examinations to be performed.
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i 14.10,56. Group 8 introduced today.
Each animal had left nephrectomy and the

implantation of 200 mg. DOA, with 1% NaCl substituted for
| drinking water.

Bak (gerieg number)  Group lo. Haridngs

144 1 ¥ L
145 2 2 L
146 3 3 3e
! 147 4 1 R
| 148 5 2 Re
i 149 6 3 B
| 150 7 1L 1R
| 151 g 2 L. 1 Re
| 152 9 3 Lol R

For blood pressures of Group & see table.

- 15,10.36. 1 rat of Group 8 deed this morming. Post
. mortem exsmination not pessible. Implants extracted.

20:10,56, Blood pressures Group & recorded.

22.10.,86, Administration of Hydrallazine to rats of
Group 8 begun. Today each received 3 mg. I.M.I. under

ether ansesthesia.

23:10456. ~ 27.10.56, Group & - Hydrelleszine 3 mg.
I.M4,I. each,
| Blood pressuves recorded today (27.10.56).
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29.10,56, Croup & - Hydrallagine 4 mg. I.M.I. each.

agslgsié - 2;-10:ﬁ! Group 8 - Hydrm&ﬁing 5 mge I.M.I. |

each.

3110436, 1 rat dead today. FPost moriem examination mot |
possible.

1.11,56. Group 8 - Hydrallezine 6 mg. each I.M.I.
1 rat dead today. Post mortem impossibles

2+11456, Group 8 - Hydrallazine 6 mg. each L.M.I. .
1 rat dead today. Post mortem again not
possible oving to cannibaligm.

2211.56 ~ 20.11.56. Group & - Hydrallazine 6.6 mg. each
deily (exeept Sundays) T.M.I.

2011456, Remaining 5 rats of Group 8 killed today.

28.11,56. Group 9 started today.

The rapid death of so many of the animals
of Group 8, leaving only 5 upon whom post mortem
exemination could be performed, necessitated examining
another similar group, kept in separate cages to prevent
cannibalism.

Each animal, after left nephrectomy, had a
subcutaneous implant of 200 mg. DCA.
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Reb (series mumbex)  Group No.  Markings

153 b | 1 L.

154 2 2 Le

135 k| 3 L.

156 4 1R.

157 5 2 Re

158 6 3 Re

159 i § Both ears nicked
160 8 2 L« 1 R.
161 9 3 L. 1R
162 10 3 Ls 2R

5.2.57. ALl rats of Group 9 alive.
Killed today (ether); post mortems

6+2.57. Group 10 started.  Left nephrectomy today.
DCA 200 mg. implant with 1% NaCl + dally hydrallazine

injections.
Series Number No. Hazk Heights
(in grams)
155 1 1 L. 220
156 2 2 Le 235
157 3 3 Le 250
158 4 1R, 190
159 5 2 R. 270
160 6 3 R. 220
161 7 l1L. 1R, 234

J
N
]
2
)
1
3
J
)
>
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) Number  Rat No. Mark el
(in grams)

163 9 3 Ls 1R 244

164, 10 3 Le 2 Ra 250

165 11 Both off 250

166 12 1%L: 2R 190

26.2,57. ALl rats of Group 10 survive.

Group 11 started today (Rats 167 - 178). 12 animals:
100 mg. DCA subcutancous implant + dally hydrallazine

injections.

423487, Daily injections of hydrallazine begun in Groups
10 and 11.

Group 10 )
) Hydrallazine mgs 2 I.M.I.
Group 11 )

643457 ;
743457 g
8e3457 )

Group 10)
) Hydrallagine mg. 2 I.M.I. eash day.

Group 11)

93257 = LebsS57. Gradually increasing doses of hydralla-
szine, rising from 2 to 5 mg. dally I.M.I. During this
period.2 rats of Group 1l and one of Group 10 died.

1s4s57 = 5eks57. Groups 10) Hydrallazine mg. 6
11) I.M.I.

Hydrallazine

6¢ . 7 G 10 ) HB- 7 )
e} - o
844057 ) 1) mg. 6 )
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Group 12 started (Rats 179 - 190).

Left nephrectomy

1% NaGl.

Subecutaneous implant 100 mg. DOCA,

Dally injections of sterile sodium chloride

:I.ntmﬁscularly under ether anaesthesia,

94457 ;
10.4057?
1144487) Groups 10 ) Hydvallazine mg. 7 )

) ) ) datly
12.4.57; 1) mg. 6 )
13.4+57)

15.4457) Rat 5 Group 11 dead today

16.4.57  Groups 10) gy, 7o
11) Hydrallazine mg (6 I.M.I.

GI'DII.P 12 ﬂal‘b 002 mlt IcMiIo
At this polnt 9 rats of Group lﬂg

7 rats of Group 11) remain alive
11 rats of Group 12

1804487, Group 10: wrat 3 dead today.

Groups 10) (7
% Hydrallezine mg. ( I.M.I.
11 (7

Group 12: Sodium chloride 0.3 ml. I.M.I,




346.

19-44-57;
2044457) Groupe 10 ) 7)

) Hydrallazine mg. ) T.M.I,
21~4-57; 11 ) 7)
22.4.57) 12 godium chloride 0.3 ml. I.M.I.

)
2344457) 1 rat of Group 11 dead today, mo post mortem
possible.
24-4.572 Groups 10 )
) ) Hydrallazine mg.
2544,457T) 11 ) 4

12 sodium chloride 0.3 ml, T.M.I.

260&-57 Gmups 10 ) a8 )
) Hydrallagine mg. ) I.M.I. _
9 ) 8) |
12 godium chloride 0.3 ml, I.M.I.
27-4.57;
29!4-57) Gmupa 10)
)Hydrallazine mg.7
3044457) 1 rat Group 11 dead today, 1) 1.M.I.
post mortem not possible

145457 ) 12 sodium chlori

) 0e3 ml. I.M.I.
25457 g
345.57 )
445457 ]
6.5.57 )

') Groups 10) 8)
7.5:57 ) ) Hydrallazine mg. ) I.M.I.

3 11) 7)
845457

) 12 sodium chleride 003 ml. IthIl
9;5-657 g
1‘005557;
11.545%)
1335'.57;




| 2945.57
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14e5.57. Remaining 5 rats of Group 11 killed today.

) sectioned.

Heartg Kidneys ; Liver )
Lungs ) Suprarenals) Spleen )

15.5.57
16.5.57

)

)

) Group 10 hydrallazine mg. & I.M.I.
1745457 ; ‘

)

)

)

Group 12 sodium chloride 0.3 mle. I.M.I.
184557 :

205457

21,5457 Remaining 8 rats of Group 10 killed today.
Group 12 sodium chloride 0«3 mls I.M.I.

22,5457 )
235457 g
Rbe5e57 ;
2545457

Group 12 sodium chloride 0.4 ml. I.M.I.

Group 12 sodium chloride 0.5 ml. I.M.I.

)
)
)
)
)
)
)
)
)
)
1,6.57 )
)
)
)
)

2446257, Remaining 10 rats of Group 12 killed today.

| 33.8.57. Group 13 started today (Rats 191 - 202).

6 Males g Each 100 mge DCA by subcutaneous

6 Females) implantation, under ether anaesthesia.
Tap water to drink.
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|
‘ 13.8+57.(Contd.) Group 14 started (Rats 203 - 214).

6 Males ) Each 100 mg. DCA by subcutaneous
6 Females) implentation, under ether snaesthesia,

vith 1% sodium chloride substituted for drinking

water.

17.8.57. A1l rats Group 13 and 14 alive. Blood pressures .

recorded.

21.8.57. Groups 133
14)

Blood pressure recorded.

28.8.57. Groups 13§
14)

Blood pressure recorded.

1949457, Groups 13%
14)
1 rat Group 14 died anaesthesia.

Blood pressure recorded.

264957, Groups 13)
) Blood pressure recorded.

14)

éc;gtsz. Groups 13;
14)

Blood pressure recorded.

8.10.57, Group 15 started. (Rats 215 ~ 226).
i Each Left nephrectomy.

‘ Subcutaneous implant 100 mg. DCA.
‘ 1% sodium chloride to drink.

Daily injections of hydrallazine.
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9,10,57. 1 rat Group 15 (female) found dead.

10010437, Group 13.)

) Blood pressures recorded,
Group 14.)

12,10.,57, Group 15 blood pressures recorded,

14010257, Group 16 gharted (Rats 227 - 238)
Each Left nephrectony j

100 mg, DCA by subcutaneous implantation,
6 males ;
6 females )

See tables of welghts and blood pressure.

18,10,57, Group 16 Dblood pressures recorded,

22,10.57, Group 15 blood pressures )
) measured,
weights )

. (On this occasion blood pressure measurements made

; only 2% - 3 hours after intramuscular hydrellazine mg. 2).

Group 19 gtarted (Rate 239 ~ 246)
| 4 males

)
)
4 females )

Each E left nephrectony
E+ 1% sodium chloride to drink ‘
(+ daily injections of increasing amounts |

(  of 9ofluorocortisol,



2420378

27,10,57.
28,10.57.
29,10.57.
30,10.57.

350.

Blood pressures Group 13 measured.
Group 15. BHydrallazine mg. 2 I.M.I. (no
anaesthesia)
19. 9 of-fluorocortisol mg.0,025 I.M.I.

Group 20 sberted (Rats 247 - 254)

4 males ) Each left nephrectomy

4 females ) 1% sodium chloride substituted
for drinking water.

Daily injections of 9 ol-fluorocortisol.

Group 15. Hydrallazine mg. 2 I.M.I.

19. 9 &«- fluorocortisol mg. 0.025 I.M.I.

- Group 15. Hydrallazine mg. 2 I.M.I.

19.)
20.)

Blood pressures Groups 19.)
measared,
20.)

Groups 15, Hydrallazine mg. 4 I.M.I.

19.)
3 9 «.fluorocortigol mg., 0.05 I.M.I.
20.

g Groups 15, Bydrellazine mg. 4 I.M.I.

) 19.)
3 ; 9 o fluorocortisol mg. 0.05 I.M.I.
20,

L —

)

) Blood pressures Groups 19.)

20, )

) 9 «-fluorccortisol mg. 0,025 I.M.I,
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23:10,57, Groups 15. Hydrallazine mg. 4 I.M.I.

19.)
; 9 o-fluorocortisol mg. 0.1 I.M.I.
20,

Group 14, 5 females killed (ether ansesthesis,

bleeding), collection of bloed for serum potassium

estimations, and preservation of hearts, kidneys, adrenals,

lungs, liver and apleens.,

fonaleg.

Weights (see table)
Electrolytes (see table)

Blood pressures group 15 measured.

Group 14 5 males killed, Procedure as with

Groupa 15, m’drall&ﬁne mge. 4- I.M.I.
19.)
) 9 o -fluorocortisol mg. 0.1 I.M.I.
20.)
16, blood pressures recorded.
Group 21 gtarted, (Rats 255 - 258)
4 females, EachE Left nephrectomy

(Implantation of 70 mg. of

DCA, implénts being mede in such a way as to facilitate

and increase absorption, by preserving looser texture
and Yarger surface ares of implant than previously.




211,57, g
3,11.57. g
" hed1a57%)
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Groups 15.) %)
) Hydrallazine mg. )
) 2)
19,) 0.1
) 9 J-fluorocortisol mg.
20.) 0.l

Blood pressures groups 19 and 20 measured.

Blood pressures groups 21 and 22 measured,

Groups 15 ° ) I!lg. 4 I .MOI .
) Hydrallazine
20.) mff. 2 I.M.I .

19- ; 0'15 I'cH.I-

9 {-fluorocortisol mge

20.) 0.1 I.H.I.

Group 17 staxrbed (Rats 263 - 265)
3 males. anhé Bilsteral sdrenalectomy

( Left nephrectomy

g Daily injection 2.5 mg.cortisonel
( 1% sodium chloride to drink

Initial dose cortisone given at time of

adrenalectony.

£011057s

Group 18 gharted (Rats 266 - 268)
3 meles. EachE Bilateral adrenalectomy

( Left nmephrectomy

Daily injection 2.5 mg,cortisone|

(

E

E 1% sodium chloride to drink

( Daily injection of Hydrallazine.

Group 23 gharted (Rats 267 - 273)
2 females g
3 males )
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6411.57 (Contd.)
| ( Left mephrectomy
E 1% sodium chloride to drink
E Daily injections of DCA

Geoup 24 staxted (Rate 274 - 278)

2 females )
2 males 3
Each: z Left nephrectémy
( 1% sodium chloride to drink
% Daily injections of DCA
E Daily injections of Hydrallazine

Blood pyescsures group 15 measured.

Groups 15, ) 4

) Hydrallazine mg,

20.) 2

19|) 0.]-5
) 9 L-fluorocortisol mg.

20, ) 0l

1?-) 205

) Cortigone mg, '

18.) 2e8

23,) - 245
) agnecus DCA guspension mg.

R4 ) 245

Ls1l:57, Blood pressures Groups 19 and 20 measured.

) Hydrallazine mg,
20.) 2
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7 sdle 5? ® (Gontd )

2,5
DCA mgZe
245

Groups 19.) 0.15
) 9 ol-fluorocortisol mg,
20.) 0.1
174 ) 2D
) Cortiscne mg,
18,) 245
)
)
)

321157, Blood pressures Groups 16 end 17 measured,
Group 17 4 additional females (Rats 279 - 282) |
Fach: ( Bilateral adrenslectomy

{ Left nephrectomy

E Daily cortigone injections

E 1% sodium chloride to drink
Group 13 4 additional fomales (Rats 283 - 286)
Eacht ( Bilabteral adreonalectony

E Left nephrectomny

( Daily cortisone injections

E 1% sodium chloride to drink
Group 23 2 additicnal females (Rats 287, 283)
Each: ( Left nephrectomy

g 1% sodium chloride to drink

( Daily injections DCA
Group 24 2 additionsl females (Rate 289,290) |
Each: ( Left nephrectomy

E 1% sodium chloride to drink

Daily injections DCA
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8,11,57. (Contd)
Group 13 5 male rats killed.
Blood for serum potassium
Weighte of whole animals, kidneys and heart.
Seetion of heart, kidneys, liver, lung,
adrenals, spleen. (See tables).
Gronp 15.)
20.)

Y
S ©
- L

Injections
ag on 7+11.57

=
o 3
- -

PO
s
°
AR M P R N A N e R R i

£

2;;1;524 Groups injedblons as on 8411.57,

10,11,57, Groups injectiong as on &.11.57.
Group 22 Hydrallazine mg. 2.

11.11.57. Blood pressuves groups 23 and 24 measured,
1 rat group 17.) found dead. No post mortem

evamination posgible owing to
1 rat group 20.) autolysis,

7

20,) Hydrallazine 2
)

22,) 2
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11.11.57 (Contd)

Group 19.) 0.15
) 9 o-fluorocortisol mg,
20.) 0‘1
17.) 2,5
) Cortigons mg.
13, 2.5
23- 2‘5

)
)
) DCA mg.
Rl ) 245
12.11:57s 1 vat (female) Group 15 dead today, following
increased dose of Hydrallazine. VWeights recorded.
Sectionas of heart, lungs, kidney, liver,
spleen, adrenals, (See tables).
Jit necropsy the characteristic features of
asphyxzia were present: congestlon, purple-red appearance
of heart, haemorrhages on lung surfaces.

5

Groups 15.))
20, 3 Hydrallagzine 3
220) b
174) 245
) Cortisone mg.
180 , 205
19.) 0.15
) 9 of-fluorocortisol mg.
20,) 0,1
23'_) 2.5
) DCA mg.
240 ) 2‘5
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43:11,57, Blood pressures Groups 15 aznd 18 measured.
o Groups - doses of all drugs as on 12,11.57
except:
Group 15 ~ hydrallazine mg. 4
24 = hydrallazine mg. 4

Sdesdle27s Blood pressures grows 19 end 20 measured.
Groups: (as on 13.11,57 except Group 24
hydrallazine mg. 3)

15,1157, Blood pregsures Group 16 mecaured.
Groupas (as on 14,11.,57 + Group 18
hydrellazine mg. 3)
1 Rat (female) Group 24 dead today.
Welght recorded.
Sections of heart, lungs, spleen, R.kidney,

adrenals, liver,

16e11.57: Blood pressure Croup 17 measured.

Groups 15.3 4
18.) 3
)
20.) Hydraellazine mg. 3
)
22.) 4
)
24 ) 4
17.)
) Cortisone mg, 2.5
18,)
19.; 0-15
9.{.!‘1\10:’0001"5:1301 ng.
20, ) 0.15
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16,11.57. (Contd)
) DCA ng.
24s) 2ed
17:11:57, Blood pressures Groups 23 and 2/ measured.
Groups ~ as for 16,11.57 except Group 20

hydrallazine mge 4

18,11457¢ As for 17.11.57, except Groups 23 and 24
DCA mg. 3.75.

19:11.57s 1 rat (femele) Group 16 found dead. Post
mortem impossible owing to aubolyais,
Groupss a8 for 18,11.57, except

Groups 17.)
Cortisone mg. 3.25

18,)
19.)

) 9 of- Fluorocortisol
20.) ng. 0.2

20411,57, 1 rat (male) group 16 having convulsions
(presumably hypertensive encephalopathy.) Killed (ether
anasgsthesia and bleeding).

Weights recorded.

R. kidney, heart, lungs, adrenals, spleen,
liver gectioned.

Blood pressures Groups 16, 17 and 18 measured.

Groups, as on 17,11.57.




posuible.
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Bloed pressures Groups 17 and 20 measured,
Greups an for 20.,11.57; exceptt
Groups 1?-)

) Cortisone mgs 3.75.
18,)

Groups as for ZL.11.57

Groups as for 2L,11457, except:

9 of- fluorocortisol mg. U.l each,
1 rat (male) Group 20 dead todays no mesropay

Groupe as for 23,1157 oxeepts

Croups 19 )

) 9 o fluorecortisol mg. 0,15,
20.)

Goowp 13 6 femele vete killed,
Blood for govum ~otageium,
Wolghte and organ weights (ses tables)
Sections of heart, kidnays, adrenals,
Hleod preasures Grvoups 23 and 24 measured,

Groups 15‘3 4
184} 3
2!3.% Rydvsllezine mg. &
22, g 4
) &



360.

25,11,57. (Contd)

Groups 17.)
) Cortisone mg. 3.75
18,
19.)
) 9dl-fluorocortisol ng. 3.75
20,)
23.)
) DCA mg, 3.75
24 )

Group 21, 4 new male rete (Rats 291 - 294)
Each: ( Left nephrectomy
70 mge new DCA implante

L T T e

1% sodium chloride to drink

Group 22. 4 new rats (male) (Rate 295 = 298)
Bach: ( Left nephrectomy

( 70 mg, new DCA implant

% 1% sodium chloride to drink

E Daily injection hydrallazine.

26,1157, Blood pressures groups 21 and 22 measured,

At this polnt it wes noticed that several of the
subcutanecus implants in animals of these two groups
were being extruded through the skin wound,,

Groups as for 25.11.57 except:

Groups 17.)
) Cortisone mg. 2.5
18,)
19.)
) 9 of-fluorocortisol
20.) mgo 0.1.5.
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27.11.57, Group 19 killed todays no significant rise inm |
blood pressure has occurred, and at the same time thewe
has been exbrome weight lose.

(see table of eptimutes of weighte, orgen weighte,
sodium snd potassiun made on these animals),

Rat 1 male Group 15 found dead this morming. Post
mortem.  Welght of whole animsl, right kidney and
hoart recorded.

Rat 1 (female) Group 19 alpo found dead this morning,
Post movtom, - Welght of whole animal, right kidney and
heart recorded.

Groups 15 )
8.)

gl—‘

w

Hydrallazine mg,

8

s

SIS
>~ O > W >

Cortisone ng. 2.5

el
£l

e

&

)
p
)
J
)
J
)
)
)
)
o)
; 9 - fluorocortisol 0,2
O

23.; BOA  mge 245
24 )

ny

28432457, Blood pressures groups 17 and 18 recorded,
Groupes as 27.11.57, excopt:
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28,11,57, (Contd)
Group 15, Hydrallagine mg. 5
23,)
) DCA mge 3.75
24.)

29,11.57, Group 20 killed today. (1 rat (male) Group 20
found dead this morning., No neeropsy possible, Decided
to kill remainder. )

Groups 15.; ka5
18.) beb
) Hydrallazine mg.
22.3) beb
241) 4.5
17.)
) Cortigone mg. 2.5
138,)
23.)
) DCA nge 3-75
Rk )

20:11:07, Groupas as for 29.11.57, except Group 15:
Hydrallazine mg. 5.

Hydrellazine mg.

Wi W W\ W\

Cortisgone mg, 2.5
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2412:57, Blood pressures groups 23 and 24 measured.
Groups: as on 31.11.57.

341257, 1 rat (male) Group 22 dead this morning. No

necropsy possible.

Group injectiong as on 2,12,57.

4al2,57, Group injections as on 2,12,57.
Blood pressures Groups 15 and 18 measured,

521257, 1 rat (mals) Group 18 dead this morning.
Necropsy. Remainder becoming progressively emaciated,
and decided to kill them.

Group 18, Mims rates killed: weights
rocorded (whole animal, heart and R. kidney). Serum
sodium and potassium estimated (see table).

All adrenals found to have been excised.

Groups 15.;- . Db
18.) 545
) Hydrallezine mg.
22- ; 5 .5
24, ) 545
17.) 2,5
) Cortisone mg.
18.) 2.5
23.) 5
) DCA mg.
24.) 5
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)
22.) Wydpelliagine ng., 6

23,)
} OCA mg. 5.
Rhy )
Groups 21 and 22, Started on 1.5% sodium

chloride ingtead of 1% in order to expedite meaction,

Group 17, Remalning animels killed.

Wedghts, sections; sorum sodium and pobassium
as for Group 18, (8ee tables). |

Hecropsy confirmed that all adrenals in
animels of Group 17 had been satisfuctorily rvemoved, A
single doubbful mess found at the site of adrenalectomy
in eno animsl was seotioned snd shown to be of
inflemmatory origin,

8ad2a8la Groups 15.3 645
22,) HNydrallazine mg. 6.0
2.) 6.0
23.)
) DCA Mg 5.
244 )

22182574 Injoctions as for 8.12,57.
Cne rat group 22 (female) dead today. To
necropsy possible,owing to autolysis,




365.

|

30:12.57, Injections as for 8.,12.57. ‘
A% this point it wes observed that the animals of

groups 15 and 15 were showing such lethargy and

deterioration in condition that it was thought advisable

to separate them into individual cages in order to ba
‘ certain of mabterial for histology.

| 4lad2.97, Groups 15. 7

Hydrallazine mg, 6

| Rat 2 (female) of Group 15 dead to-day.
R. Iddney 1.52 ge

Heart 1.10 g.
Rat 2 (male) of Group 22 alse found dad today.

Weight &5 g.
|' Ro kidney 1.11 g.

( Heart 0,68 g.

Heart, lungs, kidney, liver, spleen and adrenals of I

‘ both these animals preserved for section, ‘

| 12.12,57. Injections as for 11,12.57. |
| Rat 1 (male) Group 21 dead today, uéight 70 g,
R.kidney l.llig.

Heart 0.65 g.|
|
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12.2.57, CGroups 15.) 7 |
) |
22, j) Hydrellazine mg. 6 ;
24s ) 7 |
23,) f
) DCA mg. 5.
24s)

Blood pressures Group 15 measured,
Rat 3 (male) group 22 dead todey, Weight 60 g,
R.kidney 0,81 g,
Heart 0.76 g. |

Group 25 gharked (Rats 299 - 306)

4 fenales) (Left nephrectomy

4 males ; ESubeutaneoua implant 100 mg, DCA -
Elﬁ sodiun chloride in place of
E drinking water.
Ei)aily injections of DCA.

Mean weights: Males: mean 45 g.
Femalog: mean 37 g

14e12:57, Injections as on 13.12,57

42212257, Injections as on 13.12,57,
Rat 1 (male) Group 23 found in convulsions, today |
and killedt blood for sodium and potassium estimations. |
Welght 164 g |
Heart 1.06 g.
Re kidney 1.47 ge
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15.12.51?. (Gon.bd}‘ |
The right kidney wzs found to be covered by
meny small pele [oci, while petechial haemorrhages were

scatbered over the lungs. No mesenteric aneurysms

found.

26412457, Injections as on 15.12.57. \

17432457s DCA injections as on 16,12,57. ‘ ‘
Hydrellazine: Groups 15 mg. &

22 7

24 7

28:12,57, Injections as on 17.12.57.
Blood presgsures group 16 measured.

Rat 2 (z_nal«) Group 23, which appeared ill yesterday
killed today. Blood taken for serum potassium end sodium
estimations. No blood pressure recordable.

At necropsy the right kidnsy was found to be greatly
enlarged, pale and free from petechial haemorrhage.
Bladder distended; and tense, and containing blood-stained
urine. The heart was only slightly enlarged.

Weldght
R. kidney 2.16 g.
Heart 0,91 g.

19.12.57s Injections as for 18,12,57.
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20,12,57, Injections as for 19,12.57
Rat 1 (femsle) Group 22 dead this morning,
Wolght 165 g.
Re kidney 1.23 ge
Heart 1.61 go
Death aprarently the result of hydrallagine
convalsionse

8hed2457s Groups 13.) 8
2.} Hydrellazine mg. 9
2%) 8
43:;
DCA il e Se
2s)
22‘12&570’ :
) Injections as on 21.12,57.
23.12457:)
Rat 2 (male) Group 15 deed boday,
Welght
Re kidney 1.19 Be
flgart l.11 g
244124574)
Injections as for 23.12,57,
26,1257,

8ladesdls Groups 15,

DCA mg.
2,“)) nge 9
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Rat 2 (female) Group 22 dead today.
Re kidney llé? 8o
Heart (? 1.61 g.)

28.12.57. Injections as on 27.12.57.
Group 26 sterted. (Rats 307 - 314).
4 males mean 9C g.
4 females mean 79 g.
i Each: (Left nephrectomy
! (100 mg. subcutaneous implant of DCA,
| gl% sodium chloride in place of drinking water
EDE-L'W injections of DCA
(Dally injections of pentolinium tartrate

29.12:57. Injections as on 28.12.57.
Group 27 gtarted (Rats 315 - 322)
4 males

| 4 females

Eachs: (bilabersl adrenalectomy

' Etap water to drink

| Edaily cortisone injections
G st (Rats 323 - 330)
4 males
4 females

. Each: (bilateral adrenalectomy

I tap water to drink

(daily injJections cortisone

' daily injections hydrallazine
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Dosage of hydrallazine now at convulsive levels.
| 2 rats of Group 22 observed in convulsions today; both

recovered.

30.12.57. Injections as on 27.12.57.
| 3 rats dead this morning:
Bat 3 (male) group 15.
Weight 105 g.
Re kidney 1.39 g«

Heart 1.09 g.

Weight 200 g.

| R. kidney 1.94 g.
Heart 1.47 g.

‘ Weight 180 g.
RQ ki-dn'y 1&72 8.
Heart 1.30 g.

Remaining 10 rate of Group 16 killed (ether and
| bleeding). Blood for serum potessium and sodium. Welghts.
Heart, lungs, R. kidney, adremals, spleen and liver for

| section.

31.12.57. Remaining amimals Groups 21, 22 and 23 killed

| today. Blood for serum sodium and potassium. Weights.
Heart, lungs, R. kidney, adrenals, spleen and

! liver for section.

Injections as for 30.12.57 (except Group 15 now
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dead) and
Group 27.)
cortisone ng. 2.5
Group 28.)
L:1:38. Croups 24. ; 5
25' g DGA mgo 2‘5
26. ) 2.5
Groups 27.

cortisone ng. 2.5
28.

St N N

Rh hydrallazine mge 8.

2:1:58, Injections as for 1.1.58 + Group 28 hydrallazine
mge 2.

1 Rat (male) Group 26 dead today following hydralla-
szine thig morning, (This and subsequent experience
confirmed that the animals with bilateral adrenalectomy
are, as might be expected, umusually susceptible to the
effects of slight hypotension, even when cortisone is
given simyltanecusly.

321.58. injections as for 2.1.58, but Group 28 hydralla-

tzine mg, 1.

4s1.538,)
) Injections as for 3.1.58.

22138.)

641458 1plections as for 5.1458 + Group 28 hydrallagine
mg. 2 and group 26 pentolinium mg. 0.025.
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71458 ; Rat 1 (female) Group 28 dead today. Weights:

801058 g Lo Kidnay 0.42 Ee
901.58 ) Rs Kidney 0035 B
) Injections as for 6.1.58.
10.11533 Heart 0.25 Be
1101&58
12-1.583
13.1.53) Blood pressures groups 27 and 28.
1 rat Group 24 (female) dead today. Welght 175 g. ‘
R. Kidney le45 g
Heart 2.02 g.
Groups 24.) 9
) Hydrallazine mg.
28.) 2
Groups 24.) 5
25»3 DCA mg. 2.5
26.)
27.)
) cortisone mg. 2.5
28.)

%1 pen’aol:lnium mnge 0.1,

14.1.58, Group 29 sbarted today (Rats 331 - 335).
3 females of 5 remain alive.

Each: left renal arterial elamp,

ed (Rats 336 ~ 340)
4 males of 5 remain alive.

Each: left remal arterial clamp + daily injection.
hydrallazine.
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Bab 1 Group 25 (female) dead today.

Weight 75 g.
Heart 0.95 g.
Re kidney 1.20 g«

Rat 2 Group 28 (female) dead today.

Weight 50 g.
Re. kidney 0.35 g.
Heart 0.21 g.

15.1.58. Serial blood pressure readings on Group 24

made today. Starting at 1000 hours, the pressure was

measured, 8 mg. hydrallazine injected and the pressure

changes measured at iatervals up to 24 hours.
Injections as on 14.1458.

16,1.58, Groups 24% 5

25.; DCA mge 2.5

264 ) 2.5

27.)
) Cortisone mg. 2.5

284)

28.) 1
)
)

Hydrallazine mg.
lye &

17.1.58.) Injections as on 16.1.58, but pentolinium
18.105’80 (Gmﬂp 26) now 0.3 ml, = 1:5 nge dai].yo

19.1,38. 6 further rate Group 29)
; begun, (Rate 340-351)
5 further rats Group 30
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Rat 2 (femsle) Group 25 dead today.

Weight 70 g.

He kidney 1.15 g.

Heart 0.75 g.

Kidney large and exceptionally pales

| 1 rat (male) Group 29 found dead - no necropsy.

|
‘ 2041458, Injectiong as for 19.,1.58.

Bat 1 (fepale) Group 26 dead today.

Re kidney 105 ge
Heart 0.9 g.

21:1.58, Injections as for 20.1.58.
Blood pressures and weights Group 27.

| 22158, Group 24) 9
| ; Hydrallazine mg.

28. 1
‘ 24.3 5
i' 250:; DCA. mg. 205
‘ 26. 2.5

27.) 2.5
| ) Cortisone mg.

) 2.5

‘ 26- Pentolinium nge 0-15

‘ 23.1.58. Injectioms as for 22.1.58.
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24s1.58. Injections as for 23.1.58, except that Group 26
received mg. 0.2 Pentolinium each.

Ret £ e 28 dead.
Welght 64 g.
Kidneys 0445 g. 0.44 g»
Heart 0.43 g.

25.1.58, Injections as for 24.1.58.
Blood pressures Groups 29, 30.

26.1.58. Injections as for 25.1.58.
Bat 2 (male) Group 28 desd. No necropsy.

27:1.58, Remaining 3 animals Group 28 killed today.
2 animals of Group 25 also killed owing %o progressive
illness, Injections as for 26.1.58,

28.1.58, Injections as for 27.1.58.
Blood pressures recorded Groups 25, 26, 27.

29.1.58. Injections as for 28.1.58.
30.1.58, Injections as for 29.1.58.

31:1.58. Injections as for 30.1.38.
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| 1:2.58 (Gontd.)
| Groups 26 Pentolinium mg. 2.5

27 Cortisone mge 2.5
|
| 24 Hyﬂrallazine mnge 11.

{ Bat 1 (malo) Group 27 dead (see table).

2:3-5 8: !njeﬂﬁam as for 1.2058&

| 3:2.58, Groups 24}) 5
| 25.) DCA mg. 2.5
26.; 2.5

24 Hydrallazine mg. 12
26 Pentolinium 0.5 ml,

| 27 Cortisone mg. 2.5
| Remaining 3 male rate of Group 25 killed today.

| 4s2.58. Group 26: Serial blood pressures following

large dose Pentolinium.
_ ead (Rats 2 and 3) ( one

| from anaesthegia).
|
Injections as for 3.2.58.

| 5:2.58, Injections as for 4.2.58, except Group 2/
| Hydrallagine mg. 13.

|
' 27 Cortisone mg. 2.5
26 Pmtomm mg- 100
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' 6.2.58, (Contd.)

Group 24 Hydrallazine mg. 15,
hemainder 5 rats Group 26 killed today.

Group 31 sbarted (Rats 354 - 361 incluaive).
4 males ) Left nephrectomy
4 females )) DCA injection 2.5 mg. daily.
1% sodium chloride to drink.
Daily injections compound 14179.
Group 32 started (Rats 362 - 369 inclusive).
4 males ) Daily injections of increasing
4 females g doses of plerotoxin beginning with
' 0.15 mg. I.M.I.
Group 33 started (Rats 370 - 379 inclusive).
4, males ) Daily injections 2.5 mg. cortisone +
4 females ) deily injections hydrallazine,
Group 34 started (Rats 378 - 385 lnclusive).
4 males ) Daily injections 9 4-fluorocortisel
4 females ) + 1% sodium chloride to drink +
deily injections hydrallazine.
Two rats Group 24 died following convulsions due

| to increased dose of hydrallazine today. (Rat 1 male,
| rat 3 female).

. Zs2.8. Group 35 started (Rats 386 - 393 inclusive).

/ males ) Left nephrectomy.

4 females ; Daily injections 2.5 mg. DCA,
1% sodium chloride to drink, |
Daily injections Reserpiue.



378. |

| 7.2.58.(contd.) |
| Groups 24.) 5 |
31.; DCA mg, 2.5 ) |
35. 25 '
32, plerotoxin mg., 0.3. |
34 9 . fluorocortisol mg. 0.025. |
274)
33-;
24+ Hydrallazine mg. 1l4. |

Cortisone mg. 2.5

| 8+2.58., Injeetions same as on 7.2.58, except that Group
24 recelved hydrallazine mg. 15.

9:2:58, Injections as for 8.2.58.

m Inja@tiom ag for 952058»
11:2.58. 3 female animals Group 32 died following
eonvulsions today (Females 1, 2 end 3).

Groups 24.) 5
31.) DCA. mgs 2.5
35.) 2.5
27.)

) Cortisone mg. 2.5

33.)
32. picrotoxin mg. 0.75.
33.) 1
24.; hydrallazine mg. 15
344) 1

34s 9 - fluorocortisol mg. 0.025 (nl.0.05)
35. reserpine ml. 0.1 (0«004 Ing.)
3-1. 14179 mZe 1 (001 mlo)
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122,58, Injections as for 11.2.58, except 3 animals in
Group 24 now having respectively 17, 17 and 15 mg. |

13.2.88. Rat 4 (female) Group 32 died today following |

convulsions.
Injections as for 12.2.58.

1442458, Injections as for 13.2.58.
15¢3058= In&%uﬂnﬂ as for 14‘2.58-
16:2.58. Injections as for 15.2.58.
|

17:2.58, Remaining 3 animals of Group 24 died this morn- |
ting following econvulsions. \
Gmups 29.) 3 famaleng (Rats 394 = 420) to which ,'

30. ) 4 males ) renal arterial clamps applied|

on 13.2.58, given hydra]lam#

hd&y. i'
Groups 30.; 2 |i
33.; Hydrallazine ng. 3 !
34s) 3 ’
31.
; DCA mg. 2.5 each.
35.) |

31s 14179 mg. 2.5, |
32, picrotexin mg. 1l.35.
33« cortisone mg. 2.5,

34 9 o fluorocortisel mg. 0.05. ‘
35. reserpine mg. 0.008.



|
|
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1842.58, Two enimals of Group 33 dead following increased
dose of hydrallazine.

Groups 30.; 4
33.; hydrallazine mg. 4
344) 6
31L.)
) DCA. mMZe 2¢5 each.
35.)

31. 14179 mg. 245,

32. picrotoxin mg. 1.35.

33. cortiaone-mg. 2.5,

34s 9 J-fluorocortisol mg. 0.05.
35, reserpine mg. 0.008.

19.2.58, Group 32; picrotoxim mg. 1.5 following which

| 1 animal died (male).

Group él: 1179 mg. 3.
Other injections ss for 18.2.58.

20+2.58, Group 32: remalning 2 males of Group 32 died
following 0.5 ml. (mg. 1.5) pierotoxin.
Remaining injections as for 19.2.58.

21:2:58. Injectlons as for 20.2.58.

22.2,58, Groups 3C.)
33.3 hydrallazine mg. 5

34s)
Other injections as for 21.2.58.

23.2.58, Injectlons as for 22.2.58.
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