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Research Papers
A n  in v e s t ig a t io n  o f  d ie  w a ll f r ic t io n  d u r in g  th e  
c o m p a c t io n  o f  p o w d e rs

C. J. L E W IS! A N D  D A V ID  T R A IN *

C rystalline aspirin , hexam ine, sucrose, and  sodium  chloride, and sim ple granulations 
o f  hexam ine and of sucrose, have been com pressed and the  die reaction  determ ined 
using a  “ m oving-die”  technique. The shear strength  o f the ejected com pacts has 
been m easured under zero load  conditions, and when com pressed to  theoretical 
density, using a punch penetration  test. C alculated values o f  die reaction  based on 
friction theory  have been com pared  with experim ental m easurem ents. C orre la tion  
betw een the two is best fo r aspirin  and  hexam ine crystals when the com pact approaches 
theoretical density and shear strength values fo r com pacts o f zero porosity  a re  used 
in the ca lcu la tio n s; fo r sodium  chloride, corre lation  is best when shear strength 
values under zero load  conditions are used.

E XPERIM ENTAL results on the pressing of powders in cylindrical 
dies (Duwez & Zwell, 1949; Spencer, Gilmore & Wiley, 1950; Ballhaus- 

en, 1951; Sheinhartz, McCullough & Zambrow, 1954; Toor & Eagleton,
1956) conform to the exponential relationship: (see Lewis & Train, 1965)

Basic frictional research has shown that the value of ¡j. may be modified 
by the stress normal to the interface (Pascoe & Tabor, 1956) and by 
relative interfacial movement (Courtney-Pratt & Eisner, 1957).

In some instances of powder compaction (Ballhausen, 1951; Sheinhartz 
& others, 1954; Toor & Eagleton, 1956) there was uncontrolled move
ment because the bottom punch was required to move to actuate the 
force measuring device; in others (Duwez & Zwell, 1949; Spencer & 
others, 1950; Train, 1956; Train, 1957) movement at the bottom punch was 
negligible since the bottom punch was virtually fixed to the die. Spencer 
and his colleagues (1950) induced relative movement between the die and 
the material in order to measure the limiting coefficient of die wall friction, 
and a moving-die technique designed to standardise relative movement 
has been reported (Train, Carrington & Hersey, 1962).

A punch penetration test has been used to measure the shear strength 
of solid specimens of talc and graphite (Train & Hersey, 1960a) and other 
materials (Hersey, 1960) and it was shown (Hersey, 1960), using idealised 
systems, that the Bowden and Tabor theory of friction (Bowden & Tabor,
1954) could be applied to a compacting system.

Practical values for the shear properties of small crystals are difficult 
to obtain. The present work describes an investigation of the frictional

F rom  the D ep artm en t o f Pharm aceutics, School o f Pharm acy, U niversity  o f 
L ondon , Brunsw ick Square, W .C .l.

* C rem er and W arner, 8, B uckingham  Palace G ardens, L ondon, S .W .l.
t  Present address: D evelopm ent D epartm en t, B oots Pure D ru g  Co. L td ., Beeston
W orks, N ottingham .

loge Fa/Fb =  4/lmjL/D (1)
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behaviour of some crystalline materials and an attempt to correlate die 
wall friction with the shear strength of the compact.

MATERIALS AND APPARATUS
The apparatus used has been described elsewhere (Lewis & Train, 1955).
Crystalline samples of sodium chloride, hexamine, aspirin, and sucrose 

were sieved using British Standard sieves on an Inclyno machine for 
15 min. 40-60 mesh sodium chloride and 30-40 mesh fractions of the 
other materials were used.

Simple granulations of sucrose and of hexamine were made by hand, 
using crystalline material which had been ball-milled until all passed a 
100 mesh sieve, and distilled water as a binding agent. The sucrose 
granules were dried for 2 hr at 60°; the hexamine granules were dried at 
room temperature for 1 hr and then at 50-55° and 29 in Hg vacuum for 
2 hr. The dried granulations were sieved and 30-40 mesh fractions used.

E x p e r im e n ta l

5 g samples of the test materials were compressed in a die with 2-41 cm 
bore at pressures up to 5,000 kg/cm2. The rate of application of pressure 
was constant at 638 kg/sec and the die was moved relative to the compact 
at 0-22cm/sec. The compacts were ejected from the die, their weight 
and dimensions measured, and the shear strength determined immediately 
using a punch penetration test (Train & Hersey, 1960a); the shear force 
was applied at a constant rate of 166 kg/sec.

The applied force, the die reaction, Fa, and the ejection force, Fe, 
were recorded using a U.V. recorder (Lewis & Train, 1965); the change in 
lengtli of compact with pressure was also measured.

To assess the effect of wall friction on the process of consolidation only, 
2 %  magnesium stearate powder — 100 mesh, was added to further 
quantities of test material. 5 g quantities of the lubricated materials 
were compressed in the die in an identical manner and the change in 
density of the compact with load was determined.

Three compacts of each unlubricated crystalline material were made 
of such a weight that their length at zero porosity was 0-5 cm ; the com
paction pressure used was 1,000 kg/cm2. The compacts of hexamine, 
aspirin, and sodium chloride, were subjected to a compressive load in the 
shear strength apparatus so that the porosity was nil, and the shear 
strength was measured in the normal way. The pressure required to 
reduce the sucrose compacts to zero porosity (4,250 kg/cm2) was beyond 
the capabilities of the apparatus, so the shear strength of sucrose compacts 
under load was measured at the maximum pressure available (3,000 kg/cm2), 
at which pressure the porosity of the compacts was 3%.

R e s u lts  a n d  d isc u s s io n
SHEAR STRENGTH OF COMPACTS

With the exception of sodium chloride, the shear strength of the 
compacts attained peak values within the range of compaction pressures
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used (Fig. 1). For the sake of clarity results for sucrose granulation are 
given in Table 1.

INVESTIGATION OF DIE WALL FRICTION

Applied pressure Pa (kg/cm2)

Fig. 1. Effect o f applied p ressure  on  shear streng th  of com pact, x Sodium  
chloride. □  Sucrose. O H exam ine. 9  H exam ine granulation . A A spirin.

T A B LE 1. THE EFFECT OF APPLIED PRESSURE ON THE SHEAR STRENGTH OF COMPACTS 
OF SUCROSE GRANULATION

Applied pressure Shear strength
Pa kg/cm2 kg/cm8

547 33
872 68

1,715 211
2,920 124

The decrease in shear strength observed at P a =  2,920 kg/cm2 was 
associated with the appearance of lamination lines in the compact. 
Compaction to greater pressures resulted in compacts which split into 
horizontal layers when ejected from the die and which expanded radially 
to such an extent that they could not be inserted into the bore of the shear 
strength apparatus.

The maximum shear strength of compacts prepared from sucrose, 
hexamine, and hexamine granulation also corresponds to the appearance 
of lamination lines, but aspirin compacts reach a maximum strength with 
no apparent fracture lines in the compact. The compaction pressures at 
which maximum shear strength is attained are given in Table 2.

The applied pressure for hexamine is that at which the compact 
approaches zero porosity under load (Fig. 3B) and a maximum density 
when ejected. Aspirin is fully consolidated under a load of approximately
1,000 kg/cm2 and the pressure listed in Table 2 is that at which the 
porosity of the ejected compact becomes constant (Fig. 2B). Sucrose 
behaves in a similar manner to aspirin (Fig. 3A).

3



C. J. LEWIS AND DAVID TRAIN

For these materials it would appear that the maximum shear strength 
under zero load conditions is associated not with the pressure at which

T A B L E  2. APPLIED PRESSURE WHEN SHEAR STRENGTH BECOMES MAXIMAL

Material Applied pressure, kg/cm2

Hexamine . . 1,500
Hexamine granulation 1,250
Aspirin 1,700
Sucrose 2,600
Sucrose granulation 1,715

A

F ig . 2. Effect o f applied pressure on  density  o f  com pact. A . Sodium  chloride.
•  U nlubricated . x  L ubricated . O  E jected and  un lubricated . B. A spirin.
•  L ubricated , x  U n lubrica ted . O E jected  and  un lubricated .

consclidation is complete when compressed, but with the pressure 
necessary to produce minimum porosity in the ejected compact. Sodium 
chloride does not fit into this concept, for although the porosity of the 
ejected compacts becomes constant at applied pressures of 3,000 kg/cm2

4



and greater (Fig. 2A), the maximum value of shear strength is not 
achieved.

A

INVESTIGATION OF DIE WALL FRICTION

<L>

F ig . 3. Effect o f  applied pressure on density  o f  com pact. A. Sucrose. B. H exam ine. 
x U nlubricated . O  L ubricated. •  E jected and  unlubricated . □  G ran u la tio n  
lubricated . ■  G ran u la tio n  un lubricated .

T A B LE 3. THE SHEAR STRENGTH OF COMPACTS UNDER AN APPLIED LOAD

Material
Shear strength 

kg/cm2
Porosity

%
Hexamine 471 nil
Aspirin 297 nil
Sodium chloride .. 968 nil
Sucrose 1 ,1 1 2 30

Each result represents the mean of three determinations.

The shear strength of compacts under a compressive load is given in 
Table 3.

Shear strength values for compacts under load are much greater than
5



those for compacts under zero load, as might be expected from the 
results of Bridgman (1952) and Hersey (1960).

From the present results three values of shear strength of a compact 
may be chosen:

(1) Shear strength of a compact prepared at a given pressure and 
measured under zero load conditions, Sp ;

(2) Maximum observed shear strength of a compact under zero load 
conditions (as in Fig. 1), Sm;

(3) Shear strength of a compact measured at zero porosity, S0.

DIE REACTION
Hersey (1960) indicated that the friction theory of Bowden and Tabor 

was applicable to his compacting systems and that the die reaction,
Fa =  S.A ........................................ (2)

where S =  shear strength of material being compressed;
A =  true area of die wall—compact interface.

If the shear strength of the material remains constant, it would be 
expected that the die reaction would attain a maximum value when ~.he 
porosity of a powder compact became zero.

C. J. LEWIS AND DAVID TRAIN

Applied pressure Pa (kg/cm2)

Fig. 4. Effect of applied pressure on die reaction. O Hexamine. •  Hexamne 
granulation. □  Sucrose. *  Sucrose granulation. x Sodium chloride. 
A Aspirin.

It was found that practical values of Fa did not attain a maximum at 
pressures up to 4,500 kg/cm2 (Fig. 4), although the increase in Fa with 
pressure becomes less for hexamine, aspirin, and hexamine granulation, 
at applied pressures greater than 2,300 kg/cm2.

The apparent area of compact—die wall contact, Aa, at a given com
paction pressure can be calculated from observations of the length of 
compact. If it is assumed that the porosity is uniform throughout the 
compact, the true area of contact for compacts less than theoretical 
density is given b y :

A =  Aa./Jr . .  . .  . .  . .  (3)
6



INVESTIGATION OF DIE WALL FRICTION

where pR =  relative density of compact 
bulk density of compact 

density of solid
Values of Fd were calculated from equation (2) using experimental 

values of Sp and S0, and are compared in Table 4 with the measured 
values for the four crystalline materials, over a range of applied pressures. 
At applied pressures greater than those necessary to produce maximum 
values of shear strength, Fa was calculated using Sm in place of Sp.
T A B L E  4. COMPARISON OF EXPERIMENTAL RESULTS FOR Fd WITH CALCULATED 

VALUES

Material
Applied 
pressure 

Pa kg/cm2
Relative density 

under load
P R

Exptl. results 
Fd kS

Calculated Fa values
A .S pCSm ) A .S 0

Hexamine.. 4 ,000 1 0 3 4,500 1,099 2,878
3,500 1 0 3 4,200 1,099 2,878
3,000 1 0 2 3,850 1,110 2,905
2 ,000 1 0 2 2,950 1,115 2,920
1,500 1 0 1 2,300 1,127 2,950
:,o o o 0-98 1,400 986 2,905

500 0-91 450 432 2,698
250 0-82 200 155 2,431

Sodium 4 ,000 1 0 1 2,300 2,002 3,690
chloride.. 3,000 1-00 1,800 1,772 3,725

2,000 0-98 1,150 1,369 3,630
:,5 0 0 0-94 800 1,085 3,500
1,000 0-88 500 694 3,280

500 0-78 250 270 2,907
250 0-70 100 54 2,608

Aspirin 4,000 1 0 4 4,000 632 1,702
3,000 1 0 4 3,200 634 1,713
2 ,000 1 0 3 2 ,300 641 1,730
1,500 1-02 1,700 627 1,739
1,000 1*01 1,100 473 1,757

500 0-98 500 176 1,720
250 0-94 250 84 1,650

Sucrose 4,000 1 0 0 5,250 1,308 5,780
3,000 0-97 3,850 1,269 5,610
2,000 0-93 2,450 1,092 5,400
1,500 0-90 1,750 870 5,230
1,000 0-87 1,000 610 5,030

500 0 81 400 325 4,700
250 0-75 150 196 4,360

Consideration of values of A.SP (Sm) indicates that the discrepancy 
between calculated values and experimental measurements is greatest 
for aspirin, hexamine, and sucrose, at the higher compaction pressures. 
For sodium chloride and sucrose values of A.S0 are larger than the 
measured values over the whole range of applied pressures used; for 
hexamine and aspirin the calculated values are larger than the practical 
results at low applied pressures, and smaller at high values of Pa. In the 
instance of aspirin, experimental and calculated values are comparable 
when pa =  T 02; the two values for hexamine are comparable when 

=  1 -02 at an applied pressure of 2,000 kg/cm2. Of the results listed 
in Table 4 the best overall relation between experimental measurements 
of Fa and calculated values is for sodium chloride when shear strength 
values at zero load (SP) are used in the calculations.

The material being compacted undergoes maximum shear at the die 
wall, sufficient in the case of lead shot to cause the production of a compact

7



held together by the outside skin (Train & Hersey, 1960b). It is likely, 
therefore, that for the softer materials hexamine and aspirin, the true area 
of contact at the die wall at low pressures will be greater than that pre
dicted from porosity observations, and would account for calculated 
values of Fa being less than the practical results. The higher practical 
values for Fd when Pa is large may be due to extrusion of the compacting 
material past the punch tip—of which there was some evidence—making 
the actual area of contact greater than the calculated value; or the shear 
strength of the material may be greater at these high applied pressures 
than the value measured at zero porosity.

Tc test this latter statement is beyond the capability of the apparatus 
available at present, but it is considered that the amount of extrusion of 
material that took place was insufficient to account for the discrepancy 
between practical and calculated results.

EJECTION FORCE
Figure 5 depicts the effect of applied pressure on ejection force. Of r ote 

is the much larger force needed to eject compacts of crystalline hexamine

C. J. LEWIS AND DAVID TRAIN

F ig . 5. Effect o f applied pressure on  ejection force. O  Hexam ine. •  H exam ine 
granulation . □  Sucrose. ■  Sucrose granulation . A A spirin, x  Sodium  
chloride.

as compared to the granulation, since the latter would be expected to 
present a larger surface to the die wall at any one pressure than would the 
crystals because the granules were friable and the basic particle smaller.

Ejection forces for compacted sucrose granulation increase at first 
with increased compaction pressure but then decrease when Pa =

8



1,770 kg/cm2 before again increasing. This decreased ejection force 
occurs at the point where lamination of the ejected compact becomes 
noticeable and where the compact undergoes appreciable expansion. It 
is possible that at applied pressures in the range 1,770-3,000 kg/cm2 the 
compact is subject to axial recovery after removal of the load, causing the 
compact to laminate in the horizontal plane thus decreasing the residual 
radial stresses acting on the die wall. If radial stresses are diminished 
and all other conditions are the same, then a decreased ejection force 
would be needed.

Attempts to correlate numerical values of ejection force with the shear 
strength of the compact were completely unsuccessful, and visual 
observations of the behaviour of the compacted material during the 
experimental work indicated that the amount of elastic recovery of the 
compact after removal of the compacting pressure and before ejection, 
may well be as important as the shear strength of the friction junctions.

THE RELATIVE DENSITY OF THE COMPACT, p ]:,
Hexamine and aspirin attain zero porosity under load at comparatively 

low compaction pressures (Figs 2B, 3B), and the presence of lubricant has 
little influence on the degree of consolidation attained at any one com
paction pressure. Sucrose and sodium chloride are more difficult to 
consolidate when unlubricated, and the addition of a lubricant causes these 
materials to attain a greater density at the lower pressures (Figs 2A, 3A).

The unlubricated granulations of hexamine and of sucrose are found to 
be more resistant to consolidation than the respective crystalline material, 
although the behaviour of lubricated samples is similar to that of the 
crystals. This behaviour has also been observed in tablets compressed 
with an instrumented tablet machine (Lewis, 1964). It is considered that 
this resistance is due to the presence of air trapped in the unlubricated 
granulation, whilst the lubricant facilitates particle sliding and possibly 
interferes with particle bonding in the early stages of compaction so 
allowing the air to escape.

INVESTIGATION OF DIE WALL FRICTION
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Effect of adrenalectomy on cotton pellet granuloma 
formation in the rat
A. A S H F O R D * A N D  G . B. P E N N

The developm ent o f  granulom as over 3 days was inhibited in adrenalectom ised ra ts 
when co tton  pellets were im planted  on the day of adrenalectom y and was po ten tiated  
when the pellets were im planted  7 days after adrenalectom y. The initial inhib itory  
effect o f adrenalectom y was no t observed when the g ranulom as were allowed to  
rem ain  in situ fo r 7 days instead of 3 days and was com pletely reversed by treatm ent 
with corticosterone.

A LTHOUGH the actions of adrenal hormones on developing granula
tion tissue are widely known, there is some confusion about the ef'ect 

of adrenalectomy upon healing wounds and granuloma formation. 
Whereas it has been reported that healing was retarded in adrenalec
tomised animals (Selye, 1947; Clayton & Prunty, 1951) and that the 
formation of granulomas around turpentine-induced abscesses in the rat 
was inhibited by adrenalectomy (Taubenhaus & Amromin, 1950), other 
workers have found that the amount of tissue formed around an implanted 
ivalon sponge (Pernokas, Edwards & Dunphy, 1957) or around a plastic 
ring (Jorgensen, 1962) in the rat was unaffected by adrenalectomy. 
Further reports record an increase in the amount of collagen produced in 
carragcer.in-induccd granulomas in adrenalectomised guinea-pigs 
(Robertson & Sanborn 1958) and an increase in the weight of carrageenin 
granulomas from adrenalectomised rats (Atkinson, Jenkins, Tomich & 
Woo Jett, 1962) compared with intact controls.

Our observations show that effects of adrenalectomy ranging from 
inhibition to potentiation of granuloma formation can be elicited in the 
rat and are dependant upon the time that elapses between adrenalectomy 
and implantation of the irritant material.

Experimental
METHODS

Female Wistar rats, 130 and 180 g weight, were bilaterally adrenalecto
mised through a dorsal incision under ether anaesthesia. Controls were 
sham operated and non-operated anim als; the latter were given ether only. 
The room temperature was 2 1 °  and the adrenalectomised animals received 
0-9% saline to drink instead of tap water. Sterile cotton pellets each 
weighing between 6 and 10 mg (Johnson and Johnson) were implanted 
one in each groin under ether anaesthesia. Each batch of pellets was 
screened for irritancy since they varied in this property. The time of 
implantation in relation to adrenalectomy varied and is stated in the text 
(day 0 =  implantation immmediately after adrenalectomy).

F ro m  the Pharm acology D epartm en t, T he C rookes L aboratories L td., P ark  R oyal, 
L ondon, N .W .10.

* P resent address: Pharm acology D ep artm en t, Tw yford L abora to ries, 309 
Elveden R oad , L o ndon , N .W .10.
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The granulomas were removed 3 days after implantation of the pellet 
since they reach maximum weight at about this time (Penn & Ashford,
1963). In one experiment, granulomas were removed after 7 days. The 
granulomas from each rat were immediately weighed wet in pairs and in 
some instances after being dried overnight at 60°. The dry weights 
quoted are those of the dry tissue only.

DRUGS

H y d r o c o r t i s o n e  a c e ta t e  was administered as a saline suspension by a 
single i.p. injection immediately after implantation of the pellets. Controls 
received saline.

C o r t i c o s t e r o n e  was dissolved in 5% ethanol. 8 i.p. injections each of 
100 /xg/kg, were given during the 3 day test period as follows : day 0, 1 
injection immediately after implantation; day 1, 3 injections; day 2, 3 
injections; day 3, 1 injection 2 hr before death. Controls received 5% 
ethanol (0T ml/100g i.p.).

ADRENALECTOMY AND COTTON PELLET GRANULOMA FORMATION

Results
3 DAY OLD GRANULOMAS FROM COTTON PELLETS IMPLANTED AT 0, 3, 5 AND 
7 DAYS AFTER ADRENALECTOMY

The weight of granulomas from adrenalectomised rats was dependant 
upon the time that elapsed between adrenalectomy and implantation of

T A B L E  1. WEIGHT OF 3 DAY OLD GRANULOMAS IMPLANTED AT 0, 3, 5 AND 7 DAYS 
AFTER ADRENALECTOMY

M e a n  p a ire d  g ra n u lo m a  w t. m g  dr s .e.
N o . o f D a y  o f

G ro u p ra ts im p la n ta t io n W e t P D ry P

N o n -o p e ra te d 6 0 413-7 ±  18-1 ___

S h a m -o p e ra te d 10 0 367-4 ±  13*1 T < 0 -0 0 1 —
A d re n a le c to m is e d 10 0 290-4  ± 1 3 - 2 / —

S h a m -o p e ra te d  . . 10 0 363-1 ±  1 9 - 8 \ N S 57-9 d: 4 - 9 / < 0 - 0 l ] *A d re n a le c to m is e d 10 0 306-9 ±  2 3 - 2 / 34-9 dr 4-5 J

S h a m -o p e ra te d 12 0 448-7 ±  1 6 - 4 \ < 0 -0 0 1
_

A d re n a le c to m is e d 12 0 267-8 ±  8 - 0 / —

N o n -o p e ra te d 6 0 519-2 ±  42-6 \ < 0 -0 0 1
—

A d  re n a le c to m ise d 6 0 281-4  ±  1 7 - 4 / ■—

N o n -o p e ra te d 6 0 345-6 ±  19-1 \ < 0 -0 1
—

A d re n a le c to m is e d 6 0 217-3 ±  2 4 - 2 / —

N o n -o p e ra te d 12 3 296-6  dr 17-7 42-8 4- 5-4
S h a m -o p e ra te d 12 3 267-1 dr 19*1 X N S 32-9 dr 13-9 j -  N SA d re n a le c to m ise d 12 3 306-6 ± 2 9 - 1 / 41-9 dr 6-8

S h a m -o p e ra te d  . . 12 5 281-8 d- 1 9 -4 \ N S 40-5 4- 6-0
A d re n a le c to m is e d 11 5 335-7 dr 2 6 - 2 / 49-2 dr 5-7

N o n -o p e ra te d 24 7 341-4 ±  13-7 50-0 dr 3-9
S h a m -o p e ra te d 24 7 375-7 ±  1 4 - 9 \ < 0 -0 0 1 57-4 ±  4 - 3 / N s j - < 0 '° I
A d re n a le c to m ise d 24 7 481-1 ±  2 4 - 6 / 68-8 dr 5 - 3 /

N o n -o p e ra te d 477-5 dr 22-410 7 71-7 dr 5-3
. N s } « 5'0 /S h a m -o p e ra te d 10 7 493-1 ±  3 4 - 8 \ < 0 -0 5 83-9 dr 9-51

A d re n a le c to m ise d 10 7 600-9 ± 2 7 - 1 / 109-4 dr 8-4 J

* A b s tra c te d  f ro m  T a b le  2 , a l l  r a t s  h a v in g  rece iv ed  c o n tro l  in je c t io n s  o f  5%  e th a n o l. 
N S . N o t  s ig n ifican t P > 0 - 0 5 .
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the pellets. Whereas the wet and dry weight was reduced by adrenalec
tomy when the pellets were implanted on day 0 , there was statistically no 
significant difference in weight between adrenalectomised and intact 
groups when pellets were implanted on days 3 and 5. When the period 
between adrenalectomy and implantation was increased to 7 days the wet 
weight of granulomas from adrenalectomised rats was significantly greater 
than that of granulomas from sham-operated controls. However, the 
dry weight of the adrenalectomised group was not increased significantly 
(P >0-05) compared with sham-operated controls but was significantly 
greater than non-operated controls (P <0-01).

EFFECT OF CORTICOSTERONE ON 3 DAY OLD GRANULOMAS (Table 2)
Corticosterone treatment significantly increased the weight of granulo

mas from adrenalectomised rats implanted on day 0 , the increase being

TA B LE 2. EFFECT OF PARENTERAL INJECTIONS OF CORTICOSTERONE (8 X 100 ftO/KG 
I.P.) ON THE WEIGHT OF 3 DAY OLD GRANULOMAS FROM COTTON PELLETS 

IMPLANTED AT 0 AND 7 DAYS AFTER ADRENALECTOMY

M e a n  p a ire d  g ra n u lo m a  v 't. m g  — s.e.
N o . D a y  o f

G ro u p ra ts im p la n ta tio n W et P D ry P

S h a m -o p e ra te d 10 0 363 1 ±  19 8 N S 57-9 ±  4-9 < 0 -0 5S h a m -o p e ra te d  -f 10 c 313-6 ±  23-4 39-3 ±  5-9
c o r t ic o s te ro n e

A d re n a le c to m ise d 10 o 306-9 4- 23-2 < 0  02 34-9 -  4-5 < 0 -0 1A d re n  alectom ised-f- 10 0 422-8 -  33-2 61-5 -  7-3
c o r t .c o s te ro n e

N o n -o p e ra te d  
N o n -o p e ra te d  -f

10
10

7 477-5 ±  22-4 
255-9 ±  8-6 < 0 -0 0 1 71-7 ±  5-3 

42-3 ±  3-4 < 0 -0 0 1
c o r t ic o s te ro n e

S h a m -o p e ra te d 10 7 493-1 ±  34-8 < 0-0 0 1 83-9 4- 9-5 < 0-001S h a m -o p e ra te d  + 10 7 249-3 ± 1 1 - 7 33-2 ±  3-1
c o r tc o s te r o n e

A d re n a le c to m ise d 10 7 600-9 *  27 1 N S 109-4 -  8-4 N SA d re n  a lectom ised  -r 10 7 517-9 -  32-2 94-2 -  8-9
c o r t .c o s te ro n e

38% in the wet and 76% in the dry granuloma weight. The same dose 
of corticosterone had an anti-inflammatory action in sham-operated rats 
and reduced the dry granuloma weight by 32% (P <0-05); the wet granu
loma weight was also reduced (13%), although this reduction was not 
significant (P >  0-05).

When cotton pellets were implanted on day 7, corticosterone slightly 
reduced the weight of granulomas in the adrenalectomised group although 
the reduction was not significant (P >0-05). There was a marked anti
inflammatory action in intact rats, the reductions being non-operated 
46% wet and" 41% dry, sham-operated 49% wet and 60% dry.

SEVEN DAY OLD GRANULOMAS FROM COTTON PELLETS IMPLANTED ON DAY 0
There was no difference between wet granuloma weights from sham- 

operated controls and adrenalectomised rats when the pellets remained 
in  s i t u  for a period of 7 days. For groups of 10 animals the figures were
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337-9 ±  20-8 and 361-2 ±  26-6 for adrenalectomised and sham operated 
rats respectively.

ANTI-INFLAMMATORY ACTION OF HYDROCORTISONE ACETATE ON GRANULOMAS 
FROM PELLETS IMPLANTED ON DAY 0 (Fig. 1)

Relatively high doses of hydrocortisone exerted an anti-inflammatory 
action in adrenalectomised and in intact animals. The dose-response 
curves were parallel over the dose-range 25-0-50-0 mg/kg.

ADRENALECTOMY AND COTTON PELLET GRANULOMA FORMATION

Log dose hydrocortisone acetate mg/kg i.p.

Fig. 1. T he effect o f  hydrocortisone aceta te  on  granulom as from  co tto n  pellets 
im plan ted  a t the  tim e o f adrenalectom y and  rem oved 3 days later. T here were 8 ra ts
per group. • -----•  N o n -operated  wet weight. O----- O A drenalectom ised wet
weight. • -----•  N on-operated  dry  weight. O ------ O A drenalectom ised dry
weight.

Discussion
Two clearly different effects of adrenalectomy have been shown—an 

inhibition of granuloma formation in acutely adrenalectomised rats and 
an increase in granuloma formation in rats implanted with cotton pellets 
7 days after adrenalectomy. The transition stage was seen when 
implantation was on the 3rd and 5th day after adrenalectomy, the adrena
lectomised rats responding in a similar manner at these times to intact 
controls. It is possible that much of the confusion in the literature about 
the effect of adrenalectomy on the formation of granulation tissue stems 
from this biphasic response to adrenalectomy.

The initial reduction in granuloma weight caused by adrenalectomy was 
reversed by small quantities of corticosterone which, however, had an anti
inflammatory action in intact rats. Presumably the different effect of 
corticosterone in adrenalectomised and intact rats was due to the small

13
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dose used, all of it being needed in the former group of animals to correct 
the metabolic defect resulting from adrenalectomy and none being surplus 
for anti-inflammatory purposes. When a large excess of corticosteroid, 
in this case, hydrocortisone, was given to adrenalectomised rats an anti
inflammatory action was observed.

The inhibitory effect of adrenalectomy on pellets implanted on day 0 
was not seen if these pellets were left in  s i t u  for 7 instead of 3 days.

A rebound increase in inflammatory response became evident after a delay 
of between 5 and 7 days following adrenalectomy. The delay suggests 
that some factor other than a simple deficiency of corticosteroids is 
involved. Long & Miles (1950) described a similar rebound effect in the 
response of intact immunised guinea-pigs to tuberculin after withdrawal 
of cortisone treatment. The increase in hypersensitivity in this instance 
was also preceded by a delay of several days and it was suggested that an 
increased secretion of thyroxine was responsible, this hormone having an 
action opposed to that of cortisone. Since thyroxine has been shown to 
promote the development of granulation tissue in hypophysectomised rats 
(Taubenhaus & Amromin, 1950) although not in intact animals (Tauben- 
haus, Taylor & Morton, 1952) it is possible that it may be implicated in the 
increased inflammatory response 7 days after adrenalectomy. On the 
other hand Spencer & West (1963), who studied the relationship between 
the thyroid and adrenal glands and their effect on histamine metabolism 
in the rat, concluded that there was no true balance between the glands, 
the anti-cortisone action of thyroxine being indirect and mediated via an 
alteration in the amount of corticosteroid available to the tissues.

It is likely that the stress of surgery in sham-operated control animals 
would result in an initial hypersecretion of corticosteroids which may 
affect the development of granulomas after implantation on day 0. In 
fact the weight of granulomas from sham controls after implantation on 
days 0 and 3 was less than those of non-operated controls althougli P 
exceeded 0-05 in both instances. Similarly, after implantation on day 7, 
sham-operated animals occupied an intermediate position between non- 
operated and adrenalectomised rats in respect of granuloma weight and 
showed a greater response to the anti-inflammatory effects of corticosterone 
than non-operated controls.

References
A tkinson, R . M ., Jenkins, L., Tom ich, E. G . & W oollett, E. A. (1962). J . E ndro-  

crinol., 25, 87-93.
C layton, B. E. & P runty , F. T. G . (1951). Ibid., 7, 362-370.
Jorgensen, O. (1962). A cta  Pharm . T ox.K bh ., 19, 101-106.
Long, D . A. & Miles, A. A. (1950). Lancet, 1, 492-495.
Penn, G. B. & A shford, A. (1963). J. Pharm . P harm acol., 15, 798-803.
Pernckas, L. N ., Edw ards, L. C. & D unphy, J. E. (1957). Surg. Forum., 8. 74-76. 
R obertson , W. B. & Sanborn , E. C. (1958). Endocrinol., 63, 250-252.
Selye, H . (1947). T e x tb o o k  o f  E ndocrino logy , p. 127, M o n treal: A cta  E ndocrino- 

log:ca.
Spencer, P. S. J. & W est, G . B. (1963). N ature, L ond., 199, 1298-1299. 
T aubenhaus, M. & A m rom in, G . D . (1950). J. Lab. clin. M ed ., 36, 7-18. 
T aubenhaus, M ., T aylor, B. & M orton , J. V. (1952). E n docrin o l, 51, 183-191.

14



J. Pharm. Pharmacol., 1965, 17, 15-18 Received July 6, 1964

I n h ib i t io n  o f  r a t  b r a in  g lu ta m a te  d e c a rb o x y la s e  
a c t iv ity  b y  s a lic y la te  in vitro

B. J. GOULD AND M. J. H. SMITH

Salicylate inhibited rat brain glutamate decarboxylase activity in vitro. The mech
anism of the inhibit on appeared to involve irreversible combination of the drug with 
the enzyme protein. Salicylate also decreased the incorporation of radioactivity 
from L-glutamic acid-14C(U) into y-aminobutyrate in preparations of rat brain, an 
effect consistent with an inhibition of glutamate decarboxylase activity by the drug.

S ALICYLATE inhibits E s c h e r ic h ia  c o l i  glutamate decarboxylase in  v i t r o  
(Gould, Huggins & Smith, 1963). In the present work the effects of 

salicylate on glutamate decarboxylase activity and the transfer of radio 
carbon from labelled glutamate to y-aminobutyrate in rat brain prepara
tions have been investigated.

RAT BRAIN PREPARATION

Male Wistar rats, 200 to 300 g, maintained on M.R.C. cube diet no. 41, 
were killed by cervical fracture. The brain was removed, placed in the 
appropriate ice-cold buffer and weighed on a torsion balance. Two types 
of homogenate were prepared. The first, used for the determination of 
glutamate decarboxylase activity, was made in sufficient 0-05 m  potassium 
phosphate buffer, pH 5-9, with a Dounce homogeniser, to give either a 
20% w/v or a 40% w/v homogenate. The other, used in the radioactive 
experiments, was prepared in a similar manner using 0 -OIm potassium 
phosphate buffer, pH 7-4 to give a 33% w/v homogenate.

MEASUREMENT OF GLUTAMATE DECARBOXYLASE ACTIVITY

The method was based on that described by Tashain (1961). Assays 
were made in a standard Warburg apparatus at 37°. All solutions were 
prepared in 0 05m potassium phosphate buffer, pH 5-9. Two ml of the 
20% w/v brain homogenate were placed in the main compartment of the 
Warburg flask and 1 ml of 0-3m L-glutamic acid containing 200 /zg of 
pyridoxal phosphate, and the salicylate, when present, was placed in the 
side-arm. The manometers were flushed with nitrogen for 6 min, then 
equilibrated at 373 for a further 6 min. and the reaction started by tipping 
the glutamate solution from the side-arm. The C 0 2 evolved was measured 
at 5 min intervals for 20 min and the values used to calculate the initial 
rate of the reaction. This was corrected for dissolved C 0 2 by recalculation 
of the flask constants by the method described by Umbreit (1957).

Further experiments were made to define the mechanism of the 
inhibitory action of salicylate. Varying amounts of the 40% w/v brain 
homogenate were exposed to 150 m M  salicylate for 30 min at 37° before

From the Arthritis and Rheumatism Council Research Uni-., King’s College Hospital 
Medical School, Denmark Hill, London, S.E.5.
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the reaction was started by adding the glutamate solution to give a final 
volume of 3 ml.

RADIOACTIVE EXPERIMENTS

Portions (400 /xl) of the 33% w/v brain homogenate were added to a 
solution containing 5 /xc (0-5 jumole) of radioactive glutamate and the 
salicylate, when present, in 100 ¡A  of 0 0 1 m  potassium phosphate buffer, 
pH 7-4. The L-glutamic acid-14C(U) was obtained from the Radiochemical 
Centre, Amersham, Bucks. The mixtures were incubated at 37° with 
shaking and 100/xl samples removed at intervals of 5, 15, 30 and 60 nin . 
After the addition of 400 ¡A  of boiling ethanol, the samples were centri
fuged and the radioactive substances present in the supernatants separated 
by two dimensional paper chromatography, visualised by radioautography 
and the 14C measured by the rechniques described by Smith & Moses (1960).

Results
The results in Table 1 show that salicylate inhibits glutamate decarb

oxylase activity in the rat brain preparation and that the degree of inhibi
tion increased with the salicylate concentration.

TABLE 1. EFFECT OF SALICYLATE ON RAT BRAIN GLUTAMATE DECARBOXYLASE 
ACTIVITY

B. J. GOLLD AND M. J. H. SMITH

Final concentration 
of salicylate (mM)

Inhibition
(%)

15 16
25 31
40 50
50 59
75 87

100 92
150 99

Each value represents the mean of six determinations. In the control experiments 26 0 p.1 of C02 were 
evolved during 2 0  min.

Table 2 shows the effect of exposing the rat brain preparation of gluta
mate decarboxylase to 150 iu m  salicylate before the reaction was started 
by the addition of the substrate. If the inhibitory effect of salicylate was 
reversible, then the observed degree of inhibition should have been

TABLE 2. EFFECT OF PRE-INCUBATING ENZYME PREPARATION WITH ISOmM  
SALICYLATE

Final salicylate 
cone, in reaction 

mixture 'mM)
Control rate 

( li \  C O J 2 0  min)
Theoretical inhibition (% )

Observed 
inhibition (% )Reversible Irreversible

25 12 8 31 99 9950 260 59 99 99
10 0 50-3 92 99 99

determined by the final salicylate concentration in the reaction mixture. 
However, it was found that the inhibition persisted at the level induced by 
the salicylate concentration to which the enzyme preparation had been
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SALICYLATE AND GLUTAMATE DECARBOXYLASE IN VITRO

exposed before the start of the reaction. The subsequent dilution of the 
150 mM salicylate in the final reaction mixture therefore did not affect the 
degree of inhibition. This result indicated that salicylate causes an 
irreversible inhibition of the glutamate decarboxylase in the rat brain 
preparation.

The results in Table 3 show that the rat brain preparation incorporated 
radiocarbon from the labelled glutamate into y-aminobutyrate and into 
glutamine showing that glutamate decarboxylase and glutamine synthetase 
activities were present. Salicylate caused a decreased formation of both 
labelled intermediates at all the times studied. Radioactivity also occurred

TABLE 3 . EFFECTS OF 1 0 m M  SALICYLATE o n  t h e  d is t r ib u t io n  o f  r a d io a c t iv it y  
FROM L-GLUTAMIC ACID-1JC (u ) INTO THE SOLUBLE METABOLIC INTER
MEDIATES OF THE RAT BRAIN PREPARATION

Results given as counts per min X 10-2 of I4C.

Soluble
intermediate

5 min 15 min 30 min 60 min
Control Salicylate Control Salicylate Control Salicylate Control Salicylate

y-Aminobutyrate 4̂ -2 31-1 139-6 64-9 217-4 1 1 0 -2 203-5 104-3
Glutamine 1-5 0 -6 3-1 0 4-6 2-8 2 -8 0-6
a-Oxoglutarate .. 
Tricarboxylic 
cycle acids (succi
nate ; fumarate:

55-0 69-9 52-6 38-1 18-7 33-2 15 6 22-5

malate: citrate) .. 12-3 14-2 13-9 27-9 19-1 19-4 31-7 26-1
Aspartate 12-3 9-8 17-3 28-3 36-2 43-6 40-2 60-6

in a-oxoglutarate, various acids of the tricarboxylic acid cycle and in 
aspartate, showing that glutamate carbon had been transferred via a- 
oxoglutarate to the Krebs cycle. The aspartate was presumably formed 
by transamination of oxaloacetate. The salicylate did not cause either 
marked or consistent effects on the distribution of the isotope in these 
fractions except that the formation of labelled aspartate was increased at 
the later time intervals.

Discussion
Salicylate inhibits glutamate decarboxylase activity in  v i t r o  in the rat 

brain preparation used. The results of the radioactive experiments 
confirm this because the transfer of radioactivity from labelled glutamate 
to y-aminobutyrate is markedly decreased in the presence of the drug. 
The radioactive work also provides evidence that salicylate interferes with 
the conversion of glutamate to glutamine, and Messer (1958) has shown 
that salicylate inhibits glutamine synthetase activity in mammalian brain.

The mechanism of the inhibitory action of salicylate on the rat brain 
glutamate decarboxylase is irreversible and is the same as that reported 
for the E .  co 'li enzyme (Gould, Huggins & Smith, 1963). A possible 
mechanism is that salicylate combines with free amino-groups in the 
enzyme protein because it has been shown that the drug combines with 
e-amino-groups in bovine albumin (Davison & Smith, 1961).

The finding that salicylate inhibits rat brain glutamate decarboxylase 
activity in  v i t r o  by an irreversible mechanism may have important impli
cations in  v iv o . The drug interferes with other enzymes, but the inhibitions
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are reversible. Thus many dehydrogenases are inhibited by salicylate 
but the mechanism involves competition with the pyridine nucleotide 
coenzymes (Hines & Smith, 1964) and may be reversed by the further 
addition of coenzyme even after the inhibition has become established 
(Smith, Bryant & Hines, 1964). Salicylate inhibits aminotransferase 
enzymes in  v i t r o  by competing with the amino- and oxo-acid substrates 
(Gould, 1964) and theoretically an in  v iv o  inhibitory action of any parti
cular salicylate concentration on these enzymes will disappear if the 
substrate concentrations increase. In addition, the effects of salicylate 
on these reversibly inhibited enzymes should progressively decrease as 
salicylate is removed from an in  v iv o  system. This consideration does not 
apply to glutamate decarboxylase. Once the inhibitory effect of salicylate 
on the decarboxylase has become established it will not be altered by the 
subsequent removal of the drug, and presumably will persist until the 
enzyme protein is renewed. Thus it may cause a prolonged toxic effect 
in a patient poisoned with salicylate even when the drug has been removed 
from the body by renal excretion or haemodialysis.

If salicylate inhibits glutamate decarboxylase activity in the human 
brain, an expected result would be a decreased conversion of glutamate to 
y-aminobutyrate. Altered ratios of the two amino-acids may occur in 
various regions of the central nervous system. There is experimental 
evidence (Way & Sutherland, 1963) that glutamate is a neuronal excitant 
whereas y-aminobutyrate has an opposite action. A high glutamate: 
y-aminobutyrate ratio resulting from an inhibition of glutamate decarb
oxylase activity, could cause a stimulation of the central nervous system 
anc Roberts, Rothstein & Baxter (1958) have reported that a decrease in 
the brain glutamate decarboxylase activity produced convulsions in mice. 
Convulsions occur frequently in salicylate poisoning in man (Gross & 
Greenberg, 1948) and they may be mediated via an inhibitory action of 
the drug on glutamate decarboxylase in the brain.
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M o d if ic a t io n  o f  th e  h y p o g ly c a e m ic  r e s p o n s e  to  
to lb u ta m id e  a n d  in s u l in  b y  m e b a n a z in e — a n  in h ib i to r  
o f  m o n o a m in e  o x id a s e
A. M. BARRETT
Following reports of clinical changes in the carbohydrate metabolism of diabetic 
patients receiving mebanazine, possible interactions between mebanazine, adrenaline, 
tolbutamide and insulin have been studied in rats. Mebanazine had no activity on 
blood sugar levels and was found to have no effect on the metabolic actions of 
injected adrenaline. In acute experiments, mebanazine appeared to reduce the net 
hypoglycaemic action of tolbutamide but had no effect on the response to insulin. 
In chronic experiments, mebanazine pre-treatment led to a significant potentiation 
of the hypoglycaemic responses both to tolbutamide and insulin. The possible 
mechanisms of action and the clinical implications are discussed.

C HANGES in carbohydrate metabolism have been observed during the 
trial of a new antidepressive agent, mebanazine (Actomol, oc-methyl- 

benzylhydrazine). Clinical findings, in patients exhibiting both diabetic 
and psychiatric symptoms, included an improved glucose tolerance and 
lower fasting blood-sugar levels (Wickstrom & Pettersson, 1964). Most 
of these patients were receiving conventional antidiabetic therapy in 
addition to mebanazine, which is an inhibitor of monoamine oxidase. 
In  certain cases the dosage of insulin or sulphonylurea had to be reduced 
to avoid hypoglycaemic crises. The opposing effects of catecholamines 
and insulin on blood-sugar are well established, so that the effects of 
mebanazine are unlikely to be due to inhibition of amine oxidase and 
prolongation of catecholamine action. However, in addition to their 
central antidepressive effects, the monoamine oxidase inhibitors appear to 
possess peripheral pharmacological actions which are not readily inter
preted as a consequence of amine oxidase inhibition. For example, they 
have been shown to antagonise the release of catecholamines from 
adrenergic nerve endings (Brodie & Beaven, 1963) and to decrease the 
entry of noradrenaline into previously depleted storage sites (Davey, 
Farmer & Reinert, 1963). These pharmacological effects would be 
associated with a reduction in sympathetic activity. This potential 
inhibition of adrenergic function due to monoamine oxidase inhibitors 
might be particularly important in relation to tolbutamide therapy since 
this drug has been claimed to have direct catecholamine-releasing activity 
(Dulin, Morley & Nezamis, 1956; Bander, 1959). The present experi
ments were designed to determine whether or not the peripheral actions 
of mebanazine modified the hypoglycaemic responses to tolbutamide and 
to insulin.

Experimental
METHODS

The experiments were made using male rats (190-230 g) from the 
colony of specific pathogen-free albinos maintained at Alderley Park.

From the Research Department, Imperial Chemical Industries Limited, Pharma
ceuticals Division, Macclesfield, Cheshire.
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Blood samples were obtained from the abdominal aorta after intraperi- 
toneal pentobarbitone sodium anaesthesia.

Each treatment was given to groups of four animals except where 
otherwise indicated. Hypoglycaemic responses to tolbutamide (25, 50 
or 130 mg/kg orally) were measured in rats which had been fasted over
night, primed with a subcutaneous injection of 100 mg of glucose (0-2 ml) 
and dosed orally with either saline or substance(s) under examination. 
Blood samples for analysis were taken 2 hr after dosing. The difference 
in blood-sugar between control and test groups was calculated as a 
percentage of the control values. Hypoglycaemic responses to insulin 
were measured in fed rats. The animals received 0-5 U soluble insulin 
subcutaneously and were bled 90 min later, food being withdrawn during 
this period.

Adreno-demedullated rats were maintained on 0-9% saline in place of 
drinking water for 4 weeks and used in experiments 6 to 8 weeks after 
operation.

The following determinations were made: blood-sugar (Hagedorn & 
Jensen, 1923); plasma free fatty acids (Dole, 1956); plasma tolbutamide 
(Toolan & Wagner, 1959); plasma corticosterone (Zenker & Bernstein, 
1953 as modified by Barrett & Stockham, 1963); heart rates were recorded 
in pentobarbitone anaesthetised rats during intravenous adrenaline 
infusion by means of a cardiotachometer triggered by the QRS complex 
of the electrocardiogram.

Results
EFFECTS OF MEBANAZINE ALONE, AND ON THE RESPONSES TO INJECTED 

ADRENALINE

The effects of monoamine oxidase inhibitors on carbohydrate met
abolism of rats and on the metabolic action of injected catecholamines do 
not appear to have been described in the literature. The fasting biood- 
sugar level has been determined in rats after 12 daily oral doses of meban- 
azine ranging from 2-0 to 30 mg/kg, there being 18 hr between the last dose 
anc testing. No significant changes were found under these conditions 
nor 2 hr after a single dose of 120 mg/kg (Table 1). Other animals either

T A 3 L E  1. EFFECT OF MEBANAZINE ON THE BLOOD-SUGAR LEVEL COMPARED WITH 
THAT OF TOLBUTAMIDE

Treatment
Drug Dose

Time (hr) between last 
dose and sampling

Blood sugar level 
(mg/ 100 ml)

Saline
Tolbutamide
Mebanazine
Mebanazine
Saline
Mebanazine 
daily for 
12  days

0-5 ml/100 g 
1 00  mg/kg 
1 2 0  mg/kg 
60 mg/kg 
0-5 ml/100 g 
2 -0  mg/kg 
7-5 mg/kg 

30-0 mg/kg

2
2
2

18
2

18
18
18

79 ±  3 0 (¿) 
43 ±  10 (¿)
80 ±  2-5 (̂ ) 
90 ±  8-5 (¿)
82 ±  3 0 (4)
81 ±  5-5 (<-)
83 ±  2 0 (<-)

pre-treated with a single dose of mebanazine (120 mg/kg) or else chronic
ally treated for 12 days (30 mg/kg) were given intravenous infusions of
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adrenaline. In  neither group were the adrenaline-induced changes in 
blood-sugar, plasma free fatty acids or heart rate different from those 
observed in untreated control animals (Table 2). The results are in 
accord with those of Vanov (1962) who found that the pressor effects of 
injected adrenaline were not potentiated by monoamine oxidase inhibitors.

TA B LE 2. THE EFFECT OF ACUTE AND CHRONIC PRE-TREATMENT WITH MEBANAZINE ON 
THE RESPONSE OF THE BLOOD-SUGAR, PLASMA FREE FATTY-ACIDS AND THE 
HEART RATE TO AN INTRAVENOUS INFUSION OF ADRENALINE (2 /xg/kg/min)
for 15 min. E ach value represents the m ean o f observations in four 
ra ts  w ith the  stan d ard  erro rs o f  the  m eans.

Plasm a free fa tty  acid 
concen tration  

(pi-equiv./1 )

B lood-sugar 
level (m g /100 ml)

H ea rt ra te  
(beats/m in)

T reatm ent
C on
tro ls Infused

D iffer
ence

C on
tro ls Infused

D iffer
ence Initia l F inal C hange

C ontro ls— bled 15 m in 
after pen tobarb itone  
anaesthesia.
Infused—bled 15 m in 
after ad renaline infusion

353
± 3 3

630
± 4 2

± 2 7 7 113
± 3-3

183
± 3-3

± 7 0 409
± 1 8

514
± 1 1

± 1 0 5

A ll anim als received 
m ebanazine (120 mg/kg)
150 m in before proceeding 
as above

373
± 2 5

588
± 3 3

± 213 100
± 5-2

175
± 1 1 .0

+  74 305
± 5

404
± 1 4

± 9 9

A il an im als received 
m ebanazine (30 mg/kg) 
daily  fo r  12 days before 
proceeding  as above

364
± 2 1

609
± 2 9

± 2 4 5 107
± 4-9

179
± 4-8

± 7 2 401
± 2 1

517
± 1 6

± 1 1 6

The lack of effect of mebanazine on the blood-sugar level or on the 
responses to adrenaline is consistent with the suggestion of Axelrod (1960) 
that monoamine oxidase plays little part in the termination of the actions 
of catecholamines outside the central nervous system.

EFFECTS OF TOLBUTAMIDE OR INSULIN, ALONE

The hypoglycaemic effects of tolbutamide and insulin in the rat are well 
known. For control purposes, in each experiment standard doses of 
either tolbutamide (50 and 100 mg/kg) or insulin (0-5 U/100 g) were 
always given. In 20 experiments, the mean fall in blood-sugar to the 
lower dose of tolbutamide was 28 and 40% at the higher dose. Six weeks 
after adreno-demedullation, the hypoglycaemic response to tolbutamide 
was markedly enhanced. At a dose level of 100 mg/kg, demedullated 
animals became comatose within 1 hr of dosing and falls of up to 80% in 
blood-sugar were recorded. The mean fall in blood-sugar of intact rats 
given insulin was 40% in two experiments.

ACUTE EFFECTS OF MEMBANAZINE ON THE RESPONSE TO TOLBUTAMIDE AND 
INSULIN

Possible interactions between mebanazine and hypoglycaemic agents 
and the role of the sympathetic nervous system in the regulation of blood- 
sugar levels were therefore examined. When tolbutamide and mebanazine
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were given together, the fall in blood-sugar was significantly smaller than 
that observed when tolbutamide was given alone (Fig. 1). There was also 
a reduction in the slope of the dose-response curve, for those animals 
receiving both drugs. The effect was not solely due to adreno-medullary 
stimulation as the antagonism was also found in demedullated rats 
(Fig. 2). Indeed, the effect was more dramatic since simultaneous 
administration of mebanazine prevented the blood-sugar dropping to 
fatal levels after tolbutamide. These animals did not become comatose 
and showed no observable signs of distress.

F ig . 1. T he effect o f to lb u tam ide  on b lood-sugar when given alone (O ------ O) or
sim ultaneously w ith m ebanazine, 120 m g/kg (X -----X).

On the other hand, the degree of hypoglycaemia produced by insulin 
was the same in both control and mebanazine-treated rats, 2 hr after a 
single dose of the inhibitor (Table 3).

T A B LE 3. T H E  EFFEC T O F IN S U L IN  O N  B L O O D -S U G A R  IN  C O N T R O L  R A TS A N D  A N IM A LS 
P R E -T R E A T E D  W IT H  A  S IN G LE D OSE O F M EB A N A ZIN E 30 M IN  BEFO RE IN S U L IN .
B lood sam ples were taken  90 m in after insulin (i.e. 2 h r a fter m ebanazine)

D ose o f  insulin D o se  o f  m ebanazine
B lood-sugar level 

(m g /100 ml)
F all in  blood-sugar

0 0 107 -1- 9-5 (4) —

0 -5 U /1 0 0  g 0 62 ±  5-2 (4) 42
0 -5 U /1 0 0  g 120 m g/kg 6 2  ±  1*5 (4) 42

It was likely that the antagonism between mebanazine and tolbutamide, 
under these conditions, resulted from the potentiation or unmasking of 
some property of tolbutamide rather than from an enhanced adrenergic 
response to hypoglycaemia p e r  s e . Evidence concerning the catecholamine
releasing potential of tolbutamide has been cited earlier (Dulin & others, 
1955; Bander, 1959). Further, it is known that the pharmacological 
actions of substances which act by releasing noradrenaline, e.g., tyramine 
(Burn & Rand, 1958) are potentiated by monoamine oxidase inhibitors 
(Blackwell & Marley, 1964).
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EFFECT OF CHRONIC MEBANAZINE TREATMENT ON THE HYPOGLYCAEMIC 
RESPONSES TO TOLBUTAMIDE AND INSULIN

The clinical improvements in diabetes mellitus were noted only after 
several weeks of treatment with mebanazine. To study the effects of

ALTERED HYPOGLYCAEMIC RESPONSE AFTER MEBANAZINE

F ig . 2. T he an tagonistic  effect o f  m ebanazine, 120 m g/kg, on  th e  hypoglycaem ic 
response to  to lbu tam ide, 100 m g/kg, in in tac t and  adreno-dem edulla ted  ra ts. 
H atched  colum ns, b o th  drugs. Open colum ns, to lbu tam ide  alone.

60~

C3W)
3 to-"Oo_0X)
c
= 20-rt
cN

50 100
Dose of to lbu tam ide  (mg/kg)

F ig . 3. T he effect o f  to lbu tam ide  on b lood-sugar in con tro l ra ts  and 18 h r after the
last o f 21 consecutive daily doses o f m ebanazine. • ------ •  to lbu tam ide  alone.
X ------ X to lbu tam ide  and  m ebanazine 15 m g/kg/day. X —  X to lbu tam ide  and
m ebanazine, 30 m g/kg/day.

chronic mebanazir_e treatment, rats were dosed orally for 3 weeks. After 
an overnight fast, without further mebanazine, the hypoglycaemic response 
to tolbutamide was assessed. The chronically-treated animals showed a 
significantly greater fall in blood-sugar after tolbutamide than that found 
in rats which had been dosed with saline for 3 weeks. There was no 
significant difference between the potentiation at 15 or 30 mg/kg of
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mebanazine (Fig. 3). Similar potentiation occurred after 12 days of 
treatment at 7-5 to 30 mg/kg daily. Although the potentiation increased 
with dosage, the results at 7-5 and 30 mg were not statistically significant 
from one another (Table 4).

TABLE 4. The effect of a single dose of tolbutamide on blood sugar, IS hr  
after the last o f twelve consecutive daily doses o f  m ebanazine

Daily dose 
of mebanazine 

(mg/kg)
Dose of 

tolbutamide 
(mg/kg)

Fall in blood-sugar 
%  (mean ±  s.e.) P value

0 100 37-7 ± 1-2(4) __
2 0 100 38-8 ±  2-7 (4) >005
7-5 100 48-4 ±  4-0 (4) <005

150 100 51-9 ± 5-7 (4) <0-05
300 100 53-0 ±  2-4 (4) < 0 0 1

If the dose of mebanazine was increased to 60 mg/kg, given 13 hr 
before tolbutamide, there was as great a potentiation of hypoglycaemia 
as that seen after prolonged dosing at lower levels.

Similar results were obtained in groups of 9 rats chronically treated 
with mebanazine after receiving insulin in place of tolbutamide. Although 
only one dose level of insulin, 0-5 U/kg, was used the increase in hypo- 
glycaemic effect was statistically significant after 12 days of treatment with 
mebanazine (15 mg/kg). The control value was 38 ±  4-9; treated value 
51 *C ±  2-3: P <0-05.

The results are compatible with the hypothesis that mebanazine pro
duces partial inhibition of catecholamine release which normally occurs 
as a consequence of a fall in blood-sugar.

EFFECT OF CHRONIC DOSAGE OF MEBANAZINE ON GLUCOSE TOLERANCE
In an attempt to relate the present findings to the clinical observations, 

oral glucose tolerance curves were constructed for both control and 
chronically treated rats (Fig. 4). In both groups, the fasting blood-sugar 
level was the same and there was little difference in the 10 min peak value. 
However, the rate of fall in blood glucose was greater in the mebanazine- 
treated group, although only at the 20 min time interval was the difference 
between the two curves statistically significant (P <  0-05). Attempts to 
follow changes in intravenous glucose tolerance in rats were not successful 
owing to the rapidity with which blood-glucose falls after an intravenous 
injection of glucose.

CHRONIC EFFECTS OF MEBANAZINE ON HEPATIC AND ADRENOCORTICAL 
FUNCTION

Exaggerated hypoglycaemic responses have been reported after liver 
damage (Dali & Melrose, 1964). Hydrazines in general are potentially 
hepatotoxic and it is possible that mebanazine (which is, of course, a 
hydrazine) treatment might have affected the rate of hepatic inactivation 
of tolbutamide. Blood levels of tolbutamide 2 hr after dosing were not 
significantly different in either control or mebanazine-treated rats (Table 5).
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In another experiment, the rate at which the blood tolbutamide level fell 
after a single lOOmg/kg dose was similar both in control rats and in 
animals which had received 30 mg/kg mebanazine daily for 3 weeks.

Time (min)

Fig. 4. T he b lood-sugar level in con tro l an d  chronically  m ebanazine trea ted  ra ts 
follow ing an  oral dose o f glucose (10 g/kg). T he anim als were fasted  overnight. 
O ------ O con tro l ra ts. X —  X m ebanazine, 15 m g/kg/day.

T A B LE 5. T H E  EFFEC T O F C H R O N IC  T R E A T M E N T W IT H  M EB A N A ZIN E O N  T H E  B LO O D  
LEVELS O F T O L B U T A M ID E , 2 H R  A FT E R  O R A L  A D M IN IS T R A T IO N

Daily dose of 
mebanazine 

(mg/kg for 12  days)
Blood tolbutamide level (¡ig/ml)

After 50 mg/kg After 100 mg/kg
0 282 ±  29 (4) 477 ±  38 (4)

2 0 230 ±  51 (4) 432 ±  51 (4)
7-5 328 -4- 17 (3) 481 ±  31 (5)

300 281 ± 45  (3) 453 ±  46 (5)

The same mebanazine regimen produced a slight adrenal hypertrophy 
but no change in the resting plasma corticosterone concentration (controls 
4T ±  1-3 p.g/100 ml). The plasma corticosterone response to ether 
anaesthesia was not reduced by mebanazine treatment (controls 33-8 +
4-7/xg/100 ml; mebanazine 46-6 ±  9-5/xg/100 ml).

Discussion
The results of these experiments in the rat afford a basis for the interpret

ation of the clinical observations in diabetic patients receiving mebanazine. 
Various mechanisms have been proposed to explain the orthostatic 
hypotension found as a side-effect of therapy with monoamine oxidase 
inhibitors. Apart from bretylium-like effects (Gessa, Cuenca & Costa,
1963), monoamine oxidase inhibitors with a hydrazine structure have been 
found to inhibit dopa decarboxylase and dopamine a-hydroxylase, both 
of which are important in the biosynthesis of catecholamines (Gey, 
Pletscher & Burkard, 1963). Preliminary studies suggest that mebanazine 
also possesses such properties. These pharmacological actions would 
serve to decrease both the stores and release of adrenergic transmitter 
resulting in reduced sympathetic activity. It is possible that the same
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mechanisms are involved both in orthostatic hypotension and potentiation 
of hypoglycaemic agents. Co-existing hypotension and hypoglycaemia 
in a previously stable diabetic patient after mebanazine treatment was 
described recently (Cooper & Keddie, 1964).

Decreasing fasting blood-sugar levels and improved glucose tolerance 
in non-diabetic psychiatric patients was first noticed with iproniazid 
(Weiss, Weiss & Weiss, 1959). The clinical studies of Wickstrom & 
Pettersson (1964) together with the present findings, suggest that a certain 
kind of tolbutamide- and insulin-insensitive diabetic patient may not only 
show an improved response with mebanazine but that in certain cases the 
conventional antidiabetic therapy may be withdrawn. Mebanazine 
would appear to possess an insulin-sparing effect rather than a direct 
insulin-like hypoglycaemic action. Perhaps, therefore, certain patients 
diagnosed and treated for diabetes mellitus may in fact have no primary 
insulin deficiency, but rather, an oversensitive adrenergic hyperglycaemic 
mechanism which responds to a high critical blood-sugar level. If this 
is true, then hypoglycaemic agents would make the situation worse 
rather than better by stimulating further increases in adrenaline output 
which in turn would raise the blood-sugar level even higher. In the 
presence of a normal renal threshold to glucose, hyperglycaemia and 
glycosuria would persist in spite of rational antidiabetic treatment and 
only be antagonised by some form of adrenergic blockade.

A further implication of these experimental findings is that exaggerated 
hypoglycaemic responses may occur in patients receiving both anti- 
diabefic therapy and mebanazine. It remains to be seen whether or not 
this applies to other monoamine oxidase inhibitors and adrenergic 
neurone blocking agents. Potentiation of insulin hypoglycaemia by gang
lion blocking drugs has been reported in man, dog and rabbit (Laurence 
& Stacey, 1951; Schachter, 1951). Moreover, if the tolbutamide diag
nostic test for either diabetes (Boshell, Wilensky, Wayland & Carr, 1963) 
or insulinoma (Fajans, Schneider, Scheingart & Conn, 1961) is conducted 
in persons also receiving drugs which interfere with adrenergic trans
mission, a false positive diagnosis is possible. Recently, there has been a 
repor: of erroneous diagnosis of insulinoma based on the intravenous 
tolbutamide test some years after sympathectomy (Cohn, Perlmutter, 
Silverstein & Numeroif, 1964).
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and criticised the manuscript, and to Hilary Gladstone and Jennifer Holt 
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C y to lo g ic a l  a s p e c ts  o f  th e  m o d e  o f  a c t io n  o f  

c h lo rh e x id in e  d ia c e ta te

W. B. H U G O  A N D  A. R . L O N G W O R T H

E lectron m icroscopic exam ination  o f u ltra -th in  sections o f Escherichia coli cells 
trea ted  w ith various concentra tions o f chlorhexidine diacetate reveal tw o effects. 
In low  drug  concentra tions m any cells lose electron dense m ateria l leaving behind 
em pty shells, in h igher concentra tions the  appearance of the  cytoplasm  is significantly 
affected. These results are discussed in the light o f biochem ical findings under 
identical conditions.

T HE adsorption of chlorhexidine by E s c h e r ic h ia  c o l i  cells and the 
resulting leakage of cell constituents and turbidity changes have been 

described by Hugo & Longworth (1964a). The effect of chlorhexidine on 
osmotically sensitive forms has also been described (Hugo & Longworth, 
1964b). This work suggests that chlorhexidine exerts its bactericidal 
action by adsorption onto the cell surface and a reaction with the perme
ability barriers of the cell. Further evidence for the mode of action of 
chlorhexidine was sought by examining ultra-thin sections of E .  c o l i  
cells, treated with chlorhexidine, by electron microscopy.

Experimental
M a t e r ia l s .  The organism used in the work was E . c o l i  (formerly 

NCTC 5934).
Culture media and conditions were as previously described (Huge & 

Longworth, 1964a). Chlorhexidine diacetate (Hibitane) was a com
mercial sample (Imperial Chemical Industries Ltd.).

Araldite resin for embedding specimens was prepared from Araldite 
502 CY212. 27 ml, Hardener HY 964. 23 ml, Accelerator DY 064, 2% 
(Ciba ARL Ltd.) as described by Glauert (1961).

M e t h o d s .  Cells were harvested, adjusted nephelometrically and 
suspended at a final concentration of 1-2 mg dry wt cells/ml in 0-013m 
phosphate buffer pH 7-3 containing various concentrations of chlor
hexidine at 20°. After each desired time interval for exposure of the 
bacteria to chlorhexidine had elapsed, fixation was according to the 
method of Kellenberger, Ryter & Sechaud (1958).

The samples were dehydrated, embedded in araldite resin and poly
merised by the method of Luft (1961).

After sectioning with a diamond knife on a Cambridge Huxley ultra
microtome the sections were collected on copper grids stained for 1 hr in 
a saturated ethanolic solution of uranyl acetate (Watson, 1958) washed 
briefly in water and examined in an A.E.I. EM 6 electron microscope.

The criteria used for making the choice of cells to record on film were 
those described by Chapman (1962) : (1) Cells recorded are representatives 
of a definite majority of the cell population. (2) As nearly sagittal or 
transverse sections as possible are recorded.

F ro m  the D ep artm en t o f Pharm acy, U niversity o f  N ottingham .
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Results
Figs 1 and 2 show the appearance of typical E .  c o l i cells after 1 and 6 hr 

suspension in phosphate buffer. Fig. 3 shows cells after 6 hr treatment 
with 20 j«,g/ml chlorhexidine. Little, if any, change is observable.

Fig. 4 shows the effect of 6 hr treatment with 90 /xg/'ml chlorhexidine. 
Many cells have lost all their electron dense material leaving empty shells 
believed to be the cell wall. Fig. 5 shows cells after 6 hr treatment with 
200 /xg/ml chlorhexidine. At this concentration empty cells are not seen 
but the cytoplasm presents a different appearance from that in the un
treated controls.

The appearance of protuberances or adhesions on the cell surface may 
also be noted. Fig. 6 shows cells treated with 500 /u,g/ml chlorhexidine

MODE OF ACTION OF CHLORHEXIDINE

F i g . 1. E. coli cells suspended in buffer F i g . 2. E. coli cells suspended in buffer 
for 1 hr ( x  16,250). for 6 hr ( x  20,000).

for 6 hr. Again, empty cells are not seen and the cytoplasm appears very 
granular. The protuberances or adhesions on the cell surface are larger 
and more numerous.

Further series of photographs taken after 1 and 3 hr contact with the 
same concentrations of drug as used above produced similar results and it 
would appear that of the two parameters, time and drug concentration, 
the second is more important with respect to chlorhexidine induced cyto- 
logical damage.

Whilst it is accepted that in any population of cells the reaction to a 
stress will be variable it appears that three distinct effects of the drug 
depending on concentration may be differentiated. (1) Low concentrations, 
around 20 ug/ml, cause little or no observable cytological damage. 
(2) At concentrations around 90 /xg/ml the drug causes cytological damage 
and loss of cell constituents. (3) At high concentrations, 200 and 500
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ju,g/ml, cells do not appear to lose their cytoplasmic constituents. The 
cytoplasm, however, appears markedly different from that in the controls

W. B. HUGO AND A. R. LONGWORTH

Fig. 3. E. coli cells after 6 hr in buffer Fig. 4. E. coli cells after 6 hr in buffer
containing chlorhexidine, 20 fig/ml ( x  containing chlorhexidine, 90 /¿g/ml (x
16,250). 20,000).

Fig. 5. E. coli cells after 6 hr in buffer 
containing chlorhexidine, 200 /¿g/ml ( x 
16,250).

Fig. 6. E. coli cells after 6 hr in buffer 
containing chlorhexidine, 500 /¿g/ml (x  
2 0 ,000).

in presenting a granular appearance. The appearance of swellings on the 
cell surface at these concentrations is not fully understood but could be 
due to cellular extrusion or to the accumulation of drug aggregates on the 
cell surface.
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Discussion
Hugo & Longworth (1964a) showed that treatment of E .  c o l i cells with 

chlorhexidine causes a leakage of cell constituents into the suspending 
medium, indicating damage to the permeability barriers of the cell and 
that certain concentrations corresponding to a particular drug adsorption 
level cause maximal leakage and changes in turbidity. Higher concentra
tions of drug seemed to cause a low initial level of leakage which was not 
followed by a secondary leakage even though the drug, as would be 
expected, was more rapidly bactericidal, as estimated by extinction data, at 
high concentrations.

The resuk.s of the present communication show that, at the concentra
tion of chlorhexidine which causes maximal leakage, cytological damage in 
the form of cell rupture leaving empty ghosts of cells is evident, whilst 
high concentrations seem to cause a change in the appearance of the cyto
plasm without causing loss of cytoplasmic constituents. Newton (1953), 
using polymyxin E, which shows a diphasic leakage effect similar to 
chlorhexidine, also noted that shadowed preparations of P s e u d o m o n a s  
a e r u g in o s a  lose their “electron-dense” material when treated with a 
concentration of polymixin which causes maximal leakage but retain all 
electron dense-material when treated with high concentrations, whilst 
showing marked surface damage also in the form of surface swelling.

Chapman (1963), using colomycin which may be of an identical struc
ture to polymyxin E (Wilkinson, 1963; Hugo & Stretton, 1963), showed 
that at a constant dose level of 1000 /¿g/ml, which is far in excess of the 
concentration causing maximum leakage (Hugo and Stretton, unpublished 
observations), the cytological effects can be divided into three types which, 
he suggests, result from an altered intracellular ionic milieu in turn due to a 
primary effect of the antibiotic agent upon the plasma membrane, the site 
of selective permeability.

If it is accepted that the cytoplasmic membrane in bacterial cells is 
responsible both for osmotic regulation and enzymic co-ordination of the 
cell then it is unnecessary to invoke two separate modes of action, one for 
low and the other for high concentrations of the drug. That a reaction 
occurs with the permeability barriers of the cell is evident both from bio
chemical and cytological studies, and the manifestations of cell death so 
caused, in terms of release of cell constituents, depends upon the level of 
drug adsorption. The gross cytoplasmic disorganisation occurring in 
high concentrations of the drug could be caused by disruption of the 
enzymic co-ordinating function of the cytoplasmic membrane which 
could in turn be caused by a disruption of the structure of the membrane, 
although, in contrast to low concentrations, this damage is not revealed 
by the loss of cytoplasmic constituents.
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An apparatus for the investigation of die wall friction 
during compaction
C. J. L E W IS f A N D  D A V ID  T R A IN *

A  “ m oving-die" ap p ara tu s is described fo r use in the  investigation o f die wall friction 
during  th e  com paction  o f pow ders. T he pow der can  be com pressed a t constan t 
ra tes varying from  344-860 k g /sec ; the  die can  be m oved a t a  co n stan t ra te  a t values 
o f 0T -0-25 cm /sec. T he ap p ara tu s can also be used to  apply  the  force necessary to 
cause shear in a  punch  p en etra tion  test fo r the  m easurem ent o f  shear streng th  o f  
the  ejected com pacts. Prelim inary  experim ents w ith 20-30 m esh crystalline sucrose 
indicate th a t values o f die reaction , Fa , an d  ejection force, F e, increase w ith increased 
applied pressure. F o r  a  given com paction  pressure, F e and  F a  decreased as the  ra te  
o f app lication  o f the  com pacting  force increased. F o r  the  range o f ra tes available 
F a  was independent o f the  ra te  o f m ovem ent o f  the  die. T he shear strength  of 
ejected com pacts p repared  a t a  constan t pressure increased w ith increase in the  ra te  
a t w hich the  shear force was applied.

T HE compression of powders in cylindrical dies has been studied by 
several workers (Duwez & Zwell, 1949; Spencer, Gilmore & Wiley, 

1950; Ballhausen, 1951; Sheinhartz, McCullough & Zambrow, 1954; 
Toor & Eagleton, 1956), and it is claimed that their results, in general, 
conform to the exponential relationship:

loge Fa/Fb =  4/XljL/D ...........................  (1)

where F a and Fb are the applied and transmitted forces respectively, in a 
compact of length L and diameter D. The coefficient of friction ¿u., and 
the ratio of radial to axial stress, r), have been assumed to be constant.

It has been pointed out already (Train, Carrington & Hersey, 1962) 
that control of relative interfacial movement between material being 
compacted and the die wall is important. An apparatus was devised 
which measured the axial compressive forces and provided a means by 
which all movements of the test material and top and bottom punch faces 
could be measured relative to the die.

Reproducible values for die wall reaction could only be obtained in 
the pressing of solid cylinders of polymers when a minimum relative 
movement between plug and die wall was induced. Using a similar 
technique Hersey (1960) was able to show that the Bowden & Tabor (1954) 
theory of friction could be applied to a compacting system.

In the previous work (Hersey, 1960; Train & others, 1962; Train & 
Hersey, 1962) the increase in axial force and the movement of the die was 
incremental, with the possibility of variations in rate of loading and rate 
of die movement. A modified form of apparatus is now described which 
permits continuous consolidation of the test material at a fixed speed 
whilst the die is moved at a constant rate, the compressive force, the die 
reaction, and the change in length of the compact being recorded during
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the process. Provision of suitable controls enables the rate of com
pressive loading and the rate of die movement to be varied independently 
of each other.

APPARATUS
A Tangye four column, ICO ton, hydraulic press was used as the primary- 

ram necessary to compact the powder fill. The secondary hydraulic 
ram, which moved the die relative to the compact, was mounted on the 
lower platen of the primary ram and the remaining apparatus was 
assembled between the top platen of the main press and the secondary 
ram, in the manner of Train & others (1962), as shown in Fig. 1. The

die of hardened A13 steel (Edgar Allen and Co. Ltd.) was 15 cm diameter 
and 15 cm long, and had a uniform, circular, bore which was chrome 
plated and ground and polished to a final diameter of 2-41 cm. To 
minimise flow of test material around the punch faces the clearance at 
the punch tip was 0-0005 cm. This surface was tapered back for 0-5 cm
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to give a clearance of 0-005 cm which was maintained for the remaining 
length of the punches.

Provision was made for raising the lower platen of the press by means 
of a hand pump, or continuously by means of a pump (Type IH  036, 
Chamberlain Industries Ltd.) driven by a 1-5 h.p. motor running at 
1,450 rpm. The piston of the secondary ram was raised by a similar 
pump connected to a 0-75 h.p. motor.

The hydraulic circuit for each ram (Fig. 2) was a separate entity 
enabling individual control. In each circuit the application and release 
of pressure was controlled by Dowty single bank valves (Type CV2/03S/ 
BZ) and the rate of movement of each ram was governed by Vickers

APPARATUS FOR THE INVESTIGATION OF DIE WALL FRICTION

Primary ram

F ig . 2. H ydrau lic  circuit.

flow control valves (Type FG-02-250-M, Stein Atkinson Vickers 
Hydraulics Ltd.). By this means it was possible to vary at will the time 
of application of compressive load on the powder fill, the rate at which the 
compressive load was applied, and the time and rate of movement of the 
die relative to the compact.

Force measurements were made by utilising elastically strained pillars 
on which were bonded resistance strain gauges, enabling the reaction to 
be measured electrically. The measurements were recorded continuously 
during a pressing operation using an Ultraviolet Recorder (New Electronic 
Products, type 1050) with its associated carrier amplifier (New Electronic 
Products, type 1070).

Relative movements between the punches and die were measured 
(±0-01 mm) by using suitably placed dial gauges. The initial depth of 
powder in the die was determined by measuring the distance between 
location marks on the top and bottom punches. Since the compressive 
load was applied continuously at constant rates, the pointers on the dial 
gauges moved rapidly. Readings of punch positions were taken by using

35



C. J. LEWIS AND DAVID TRAIN

a “ Robot Junior” camera to photograph the gauges at 1/500 sec a t / I I  
on 35 mm FP3 Series II film. As each photograph was taken the event 
was indicated on the instrument recording the forces, so that the height 
of the compact could be related to the pressure applied at that instant.

The compaction force can be applied at rates varying from 344-860 kg/ 
sec. The rate at which the compaction force was applied was computed 
from the paper recording the force measurements. Since the paper 
issued from the recorder at a known and constant rate, the time taken for 
the compacting force to increase from zero to its maximum value was 
obtained by measuring the paper. The rate of loading is then the 
maximum force divided by the time taken to attain the maximum value.

Free movement of the die could be varied between 0T-0-25 cm/sec. 
However, owing to the mechanism of action of the Vickers flow control 
valve, large die wall forces stopped the movement of the die at low rates 
of movement. Consequently the practical range of movement was 
limited to 0T 5-0-25 cm/sec.

Experimental
GENERAL METHOD OF OPERATION

The bore of the die was cleaned, polished, and degreased with a mixture 
of equal parts acetone and carbon tetrachloride before use. The punch 
tips were lubricated with a film of colloidal graphite, deposited from an 
acetone “dag” suspension (Acheson Colloids Ltd.).

For each experiment the apparatus and test material were assembled 
as in Fig. 1. During the compression cycle the applied force, F a, and 
the die reaction, Fd, were recorded continuously and photographs of the 
dial gauges were taken at frequent intervals. When the desired pressure 
level had been attained the compaction was stopped, the pressure released 
immediately, the lower punch removed from the die, and the compact 
ejected by moving the die upwards relative to the stationary upper punch. 
The ejection force, F e, was recorded. 5 g samples of unlubricated 
crystalline sucrose 20-30 mesh, stored for not less than 7 days over silica 
gel :n a desiccator, were used throughout this work.

APPLICATION TO THE MEASUREMENT OF SHEAR STRENGTH
In certain instances the shear strength of the ejected compacts was 

measured immediately after compaction, using a punch penetration method 
previously applied to homogenous solid specimens (Train & Hersey, 1960). 
The shear force was applied at a constant rate by using the motor-driven 
secondary ram, the force necessary to cause shear being recorded during 
the test; a typical recording of pressure changes occurring during the 
measurement of shear strength is shown in Fig. 3.

EFFECT OF APPLIED PRESSURE
5 g samples of sucrose were compressed at pressures up to 9,500 kg/'cm2 

with the die moving relative to the compact at a constant rate throughout
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the operation. During the compaction, measurements were taken con
tinuously of the force acting on the upper punch, Fa, the die reaction, Fa, 
and the change in position of the punches. The ejected compacts were 
weighed, and the length and diameter were measured with a micrometer 
gauge before determination of the shear strength.

Compact sheared j —

—i Calibration

F ig . 3. Pressure changes during  the  m easurem ent o f shear strength.

EFFECT OF RATE OF APPLICATION OF COMPACTING PRESSURE
5 g sucrose was compressed to a predetermined pressure level, applying 

the compacting force at the slowest rate possible. The compact was 
ejected from the die and the shear strength determined. Further samples 
were compressed to the same pressure level but the force was applied at 
different rates. For each rate of loading F a, Fa, Fe, and change in density 
of compact, were measured.

EFFECT OF DIE MOVEMENT ON VALUES OF Fa
5 g samples of sucrose were compressed to a pressure level of approxi

mately 4,300 kg/cm2. For each sample the die was moved at a different 
rate and values of Fa were measured during the compaction cycle.

INFLUENCE OF RATE OF APPLICATION OF SHEAR FORCE ON THE OBSERVED 
SHEAR STRENGTH

Compacts were prepared at a fixed pressure of 1,547 ±  10 kg/cm2 
from 5 g samples of sucrose, the rate of application of compacting force 
and all other conditions being maintained the same for each compact. 
The shear strength of the compacts was then measured applying the shear 
force at different rates.

Results and discussion
The results are presented in Tables 1-3, and Figs 4-6.
It was observed that the ejected compact bore lamination marks in 

the horizontal plane when compressed at pressures of 2,852 kg/cm2 and 
higher. Sometimes the compact was whole with horizontal cracks 
visible, at other times the various layers were quite loose and capable of 
easy separation. There appeared to be no definite correlation with the
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appLed pressure but the layers were particularly loose at pressures of 
2,852-6,350 kg/cm2.

The length of the ejected compact was not reduced below that at 
2,605 kg/cm2 compaction pressure until Pa =  7,450 kg/cm2 (Table 1), at 
which pressure the number of laminations in the compact were fewer and 
the upper laminations were particularly highly compressed and becoming 
translucent in appearance, indicating a consolidated mass with fewer 
internal reflecting surfaces.

C. J. LEWIS AND DAVID TRAIN

Fig. 4. Effect of applied pressure on die reaction.

TAE LE 1. THE EFFECT OF APPLIED LOAD ON THE COMPACTION OF SUCROSE 20-30 MESH

L e n g th  o f  
c o m p a c t 

cm

D ia m . o f  
c o m p a c t 

cm
M a x . P a  
k g /c m 2

M a x . F d  
kg

E je c tio n  
fo rc e , F e 

k g

R e la tiv e*
d en s ity

3R

S h e a r
s tre n g th
k g /c m 2

0-821 2-42 884 763 ____ 0-856 91 5
0-780 2-42 1,198 773 134 0-900 135
0-765 2-42 1,752 901 262 0-919 211
0-745 2-43 2,151 1,873 360 0-943 235
0-742 2-43 2,605 1,851 495 0-948 253
0-754 2-43 2 ,852 2,670 760 0-933 224
0-752 2-42 3,338 2 ,914 701 0-934 252
0-753 2-42 4 ,193 4,160 879 0-934 255
0-746 2-42 5,097 5,199 1,751 0 943 310
0-745 2-42 6,350 6,407 1,128 0 943 295
0-741 2-42 7 ,450 7,484 2,465 0  949 345
0-749 2-42 8,050 7,983 2,893 0 9 3 8 353
0-740 2-42 9 ,895 8,371 — 0 9 5 0 281

* R e la tiv e  d e n s ity  is  c a lc u la te d  f ro m  d im e n s io n s  o f  e x tru d e d  c o m p a c t.

Values of Fa only begin to approach a maximum (Fig. 4) at the highest 
pressure used. Since the force lost to the die wall is unlikely to reach a 
maximum until the area of the compact—die wall interface is a maximum, 
i.e., at zero porosity ( p R =  1), the explanation lies in Fig. 5 where it is 
seen that this degree of consolidation is only attained at pressures greater 
than 7,250 kg/cm2.
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The relative density, p R , is defined as the ratio of compact density to 
density of the solid material. Curve A of Fig. 5 shows the density of the 
compact under load and Curve B indicates the densities of the ejected 
compacts. The maximum relative density attained in the ejected com
pacts was 0-95 and was achieved first at an applied pressure of 2,600 kg/cm2; 
compaction to greater pressure levels did not decrease the porosity 
further. It is apparent also that the compacts compressed to pressures

APPARATUS FOR THE INVESTIGATION OF DIE WALL FRICTION

F ig . 5. Effect o f applied pressure on density o f  com pact. O C om pact un d er load 
(C urve A). #  Ejected com pacts (Curve B).

greater than 2,600 kg/cm2 undergo appreciable axial expansion when 
ejected from the die.

The pressure at which lamination of the compact was apparent is that 
at which the ejected compact approached its maximum density. Pressing 
beyond this point is equivalent to the pressing of a solid body, serving 
only to increase the elastic strains residing in the compact when the applied 
pressure is removed. It is not known if these laminations are present 
after removal of the applied load and before ejection of the tablet.

The ejection force, F e, increased with increased compaction pressure 
(Table 1). However, at a given pressure F e and Fd decreased as the rate 
of application of the compacting pressure was increased (Table 2). At

T A B LE 2. THE EFFECT OF RATE OF APPLICATION OF COMPACTING PRESSURE

Rate of applying 
load, kg/sec

Max Pa 
kg/cmz

MaxFd
kg

Fe
kg

Shear strength 
kg/cm2

a
Pr

b
Pr

344 1,779 1,319 586 201 0-95 0-91
534 1,772 972 436 224 0-97 0 91
677 1,755 708 249 230 0-98 091
826 1,760 651 233 234 0-99 091
860 1,797 698 258 221 102 0-91

a. Value when under load of Max Pa.
b. Value calculated from dimensions of ejected compact.

the same time values of p R increased with increased rate of application of 
pressure, although the density of the ejected compacts was unaffected.
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The compaction force was followed by observation of a Bourdon gauge 
which registered the oil pressure in the primary hydraulic ram. Owing 
to the rate at which the applied pressure increased it was difficult to stop 
the compaction process at exactly the same pressure level in each com
pression, and this accounts for the observed variations in the maximum 
value of Pa recorded in Table 2. It is considered that the small variatons 
in the magnitude of Pa will have a negligible effect on the experimental 
results, compared with the effect of changing the rate of application of 
pressure.

Values of Fa were greater when the die was moved at constant rate 
than when maintained stationary (Fig. 4). For the rates of movement 
available, the die reaction was independent of the rate of die movement. 
Relative movement between the powder and the stationary die as the 
material consolidates under an applied pressure is not uniform along the 
length of the compact; the amount of movement near to the lower punch 
is less in a single-ended pressing than near the face of the upper punch. 
Movement of the die increases the number of powder-die contacts which 
are sheared, and this is reflected in an increased value of Fa.

OBSERVATIONS ON THE SHEAR STRENGTH OF SUCROSE COMPACTS
T.ie shear strength of the ejected compacts increased with increased 

applied compaction pressure (Fig. 6), approaching a plateau as the com
pact assumed minimum attainable porosity. This plateau represents 
the maximum shear strength of a coherent com pact; thereafter the values 
represent the strength of the most densely compacted upper laminations.

For a given compaction pressure, increasing the rate at which the 
compaction force is applied increased the shear strength of the compacts 
(Table 2). In addition the observed shear strength of compacts prepared 
at a constant pressure of 1,547 ±  10 kg/cm2 increased as the rate of 
application of the shearing force increased (Table 3). The latter results 
are in agreement with other determinations of “strength” , e.g., tensile 
strength, compressive strength, crushing resistance of tablets, in that they 
are influenced by the rate at which the load necessary to cause failure is 
applied.

TABLE 3. THE EFFECT OF RATE OF SHEAR ON SHEAR STRENGTH 

M e a n  c o m p a c tio n  p re s s u re : 1,547 k g /c m 2

R a te  o f  s h e a r  
kg,/sec

O b se rv ed  s h e a r  s tre n g th  
k g /c m 2

23 182
29 189

166 201
308 223
432 205

CONCLUSIONS
On the basis of these preliminary results it is concluded that a standard 

operating procedure should be adopted when comparing the behaviour
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of different materials. For convenience of operation the following con
ditions were chosen for later work :

1. Rate of application of compacting pressure to be constant at 
638 kg/cm2 per sec.

APPARATUS FOR THE INVESTIGATION OF DIE WALL FRICTION

Fig. 6. Effect of applied pressure on shear strength of compact.

2. The rate of die movement to be constant at 0-22 cm/sec.
These operating conditions influence each other. If  the die moves too 
quickly it will reach the top of the upper punch before maximum pressure is 
attained. The conditions decided on allow die movement throughout 
the entire compaction stage even when pressing to high pressure levels.
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Automatic apparatus for recording duration of 
narcosis in mice
A. L. A. BOURA, E. J. R. HARRY AND B. D. LEWIS
An apparatus for automatically recording the duration of narcosis in mice is 
described. Following induction of anaesthesia the animals may be left unattended 
for the remainder of the experiment.

T HE effects of compounds on the duration of drug-induced narcosis 
in mice are commonly studied during their preliminary examination for 

possible actions on the central nervous system. The test, often referred 
to as the “sleeping time” test, was first described by Winter (1948) and is 
based on findings that central depressants prolong and central stimulants 
reduce the duration of anaesthesia caused by a standard dose c f hypnotic 
(usually pentobarbitone or hexobarbitone sodium).

As usually carried out the test is subject to a number of disadvantages. 
Each experiment requires the undivided attention of the experimenter to 
record the time that elapses from the moment of induction of anaesthesia 
to that of recovery for each mouse. In addition, errors arising during 
determination of the time of recovery, often the return of the righting 
reflex is used as the end-point, adversely affect precision. These arise 
because of the premature disturbance of the mice, by the handling 
necessary for the assessment of the end-point and also by the recovered 
animals running across their neighbours before capture. Furthermore, 
as determination of the end-point is a subjective assessment it varies with 
the skill of the observer. It was of interest therefore to devise an appar
atus* that recorded the duration of anaesthesia automatically using an 
objective end-point the mice being kept in a uniform environment free 
from extraneous influences. We describe here the construction of such an 
apparatus and compare the results obtained with its use with those ob
tained using the established, conventional technique.

Method
The principle of the method is that the duration of anaesthesia in each 

mouse is recorded separately by a timing device, started by closure of a 
microswitch under the weight of the mouse placed on a small spring 
loaded shelf. The timer is switched off by the mouse falling from the 
shelf during recovery from the central depressant effects of the barbiturate.

The design of the shelf and its position relative to the micro-switch is 
indicated in Fig. 1. Following intravenous induction of anaesthesia 
each animal is placed on a hinged perspex shelf S, pivoted at P the animal’s 
weight depressing the shelf against the spring loaded contacts of the micro
switch M. The incoordinated movements that occur during the pre
liminary stages of recovery from the barbiturate are used as the end-point

From the Pharmacology Laboratory, Reckitt & Sons Ltd, Hull.
* Demonstrated to the British Pharmacological Society Meeting, 2-4th January,

1964.
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for recovery. These cause the mouse to fall from the shelf, which is 
only just large enough to support it, allowing the microswitch to reopen, 
thus breaking the circuit. Small side walls are fitted to each shelf so 
that the mouse does not fall because of its respiratory activity and has to 
give a very positive movement in order to fall off.

MEASUREMENT OF NARCOSIS IN  MICE

SIDE VIEW FRONT VIEW

Fig. 1. Working diagram of a shelf and its accompanying microswitch. The 
shelf S pivoting at the point P is illustrated in its working position depressing the 
lever of the microswitch M.

The shelves and their accompanying microswitches are mounted on a 
perspex stand 9 cm apart, in rows of 5. Each row is 15 cm above and 9 cm 
in front of the row below. This arrangement minimises the disturbance 
to other animals caused by a mouse falling from its shelf. A gauze net 
placed beneath the shelves prevents injury. The entire unit is installed 
in a thermostatically controlled incubator, as the precision of the test is 
increased by carrying it out in a uniform and constant temperature (Riley 
& Spinks, 1958).

THE ELECTRONIC CIRCUIT
The simple electronic circuit is shown in Fig. 2. The contacts P of a 

Palmer time clock are adjusted to close briefly once every 5 sec allowing 
relay A to energise, closing momentarily contacts A v  When the mouse is 
placed on its shelf the microswitch contacts M adopt the position indicated 
in the diagram. The manually operated switch S is then momentarily 
closed energising coil “a” of the magnetic latching relay B so closing 
contacts Bx and B2. This allows passage of the electrical impulses caused 
by closing contacts A 1 to pass through contacts Bj triggering a Post Office 
electromagnetic counter C. When the mouse falls from the shelf, the

43



contacts M change over causing the next impulse to pass through the 
“ suicide” contacts B2 to the reverse wound coil “b” opening contacts 
Bj and B2. The counter thus indicates the number of 5 sec periods that

A. L. A. BOURA, E. J. R. HARRY AND B. D. LEWIS

L

N

F ig . 2. Simplified circuit diagram. The circuit utilising the components L, S, B, 
C and M is repeated in parallel for each shelf in the apparatus. The current supplied 
by the full wave selenium rectifier is sufficient for up to 50 shelves and their associated 
electromagnetic counters. P are the contacts of a Palmer Timer type B.l 16. A is a 
P.O. 3,000 type relay having a 2,000 fi coil; contacts At rated at 10 A close on ener
gising. B is a magnetic latching (remanence) relay having two coils a and b of 
400 D and 1,000 fl respectively causing opposing magnetic fluxes. C is a P.O., 
four digit, electro-magnetic counter (2,000 O coil). M is a Bulgin microswitch type 
‘M’ list No. S520/W. S is a “push to make” switch, L a pilot light.

elapse during anaesthesia. Until S is again closed to reset the circuit, any 
subsequent closure of the microswitch does not activate the counter 
preventing resumption of recording should a recovered mouse climb back 
on to a vacated shelf.

Results
The relative accuracy of data obtained using the apparatus has been 

assessed by comparing the results from its use with those obtained from 
similar experiments carried out concomitantly under conventional con
ditions. The latter were carried out as follows. Groups of mice received 
either one of a series of doses of the drug under test, or saline as a control, 
30 min before administering intravenously an anaesthetising dose of 
barbiturate. Immediately following induction of anaesthesia the animals 
were placed in rows on a thermostatically controlled heated tray and the 
return of the righting reflex taken as the end-point for recovery.

Statistical analysis was separately carried out on the data obtained 
using each method. On all comparable sets of data the within drugs 
(residual) term was used as a measure of experimental variability. Fig. 3 
shows that using either the automatic apparatus or the heated tray the 
narcosis times are log normally distributed, as the cumulative distributions 
con'orm closely to straight lines when plotted on logarithmic probability 
paper, confirming the results of Winter (1948). The ratio of the geo
metric means of the narcosis times indicated by the automatic apparatus,
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for the drug-treated and control groups respectively, provides therefore 
an adequate initial measure of the degree of central effect.

To compare the variability of the results obtained from the automatic 
apparatus with those obtained using the tray, analyses were carried out

MEASUREMENT OF NARCOSIS IN  MICE

Standardised normal deviate of narcosis time

Fig . 3. Cumulative frequency distributions of narcosis times obtained using either the 
heated tray or the automatic apparatus, x — x Heated tray. O —  O Automatic 
apparatus.

on automatic apparatus and tray results separately and the residual mean 
squares used as an estimate of the within experiment variances. These 
were then tested for significance (Table 1) and in only one instance 
(60 mg/kg leptazol followed by 70 mg/kg pentobarbitone sodium) was 
a significant difference obtained (P =  0-05), the automatic apparatus 
variance being less than the tray variance. Individual variances, calcu
lated from all data obtained using either the automatic apparatus or the 
heated tray, were separately tested for homogenity, in order to obtain an 
overall estimate of the experimental variance using either technique. The 
variance obtained from the experiment using 2-5 mg/kg strychnine followed 
by 65 mg/kg pentobarbitone sodium was found to be significantly different 
from the others and therefore omitted from the overall variances. The 
ratio of the two overall variances (1-06) indicates that there is no significant 
difference between variation using the automatic apparatus and variation 
using the tray.

Table 2 shows that comparable levels of significance are obtained from 
an analysis of variance of figures obtained using either method and gives 
comparisons c f  the mean square ratios for the source of variation between 
doses. The results appear to be reasonably consistent indicating that the 
apparatus can distinguish between doses as well as the heated tray. It 
also indicates that although small groups of mice (7-10) are sufficient for 
screening purposes, the size of the group must be increased for accurate 
comparisons of centrally acting drugs.

45



A. L. A. BOURA, E. J. R. HARRY AND B. D. LEWIS

H
<

H
oz

<H«O
<H<Û
oz
S<p-<s
ou
o
PS vJ Q <
u g> gH <
< 2

« s° sUh O O w
z .O «
Si
£ I
g *a <
q y< H
PS g

" sfe H
< o
w ^ u we x2 h
fe o °  z  
co 55a u»
c HH < 
co X
O ¡S
« Ë
Z QO
- Ê

R
es

id
ua

l 
m

ea
n

 s
qu

ar
e

R
at

io

#
awof-r-ooc\«nvooN i-'Tt-vo
Tfooi/icovpoq\cor^~cpvoo
Ñ ¿ r t ¿ Ó r t Ó Ó Ó r t H H

H
ea

te
d

tr
ay

0-
01

60
8

0-
01

43
2

0-
01

44
9

0-
01

76
5

0-
00

76
8

0-
00

91
3

0-
06

12
7*

0-
01

35
4

0-
02

44
4

0-
00

79
8

0-
02

26
9

0-
01

48
01

A
u

to
m

at
ic

ap
p

ar
at

u
s

0-
00

64
5 

0-
01

66
9 

0-
00

92
0 

0-
02

03
8 

0-
01

13
0 

0-
00

83
6 

0-
06

43
5*

 
0-

01
58

0 
0-

03
10

5 
0-

00
58

2 
0-

01
38

7 
g*

 
0-

01
39

03

L
o

g
 m

ea
n

 n
ar

co
si

s 
ti

m
e 

(s
ec

)

H
ea

te
d 

tr
ay

 
I

D
ru

g
 g

ro
up

.S

3©  »n oo vo t--O  Cv vo m cn r f  o
- t o o ’- o t ^ v o f o i n r 'o )  v vp ̂ p Vp VO VO vp Th VO op CO Ov 
eñcñcncñcñeñrñrñeñencñ g

.2"C<3

C
o

n
tr

o
l 

g
ro

up
 I

73u
r^enenoow->vo© von© —< SÜ oocjs*—© ent'-m rnm oo-'t.X , ’~<Tt-env">roenooOvenvor'~W vpt^oovpr^t^-vpvpooencp
en m fn m m e n m m m en en

A
u

to
m

at
ic

 a
p

p
ar

at
u

s

D
ru

g
 g

ro
up

-« t'-ooeN -^avC t'-^vot'-»oooofnvDfnost^o-rî-voTî-t'-'COooovC'KSOvenenTfr©vpvp^pipvp«r>CSvpr»»r'CO
eñrñeñeñrñeñfñeñeñeñeñ

C
o

n
tr

o
l 

g
ro

up
 I

vOfn©ONVOcoin©ovo© t^ v û M r'fn o v M T i'O m t ' fnov«n^-fnoo»ncT\voir>ONr--vocoinvpir)vc>vor~mvo
encnenencnmencncnencn

m
g/

kg
 i.

v.
 

p
en

to
ba

rb
it

on
e 

so
di

um O O O 'n 'n i n i n o i n O 'n
r-'t--'t''r-t-*t-*vDt~'r-'£>vo

m
g/

kg
 s

.c
.

i n w v n o o
o o o o o i n Ñ N Ñ > n óVON^l-FHrtH TH «CN

D
ru

g

L
ep

ta
zo

l

B
em

eg
ri

de

S
tr

yc
hn

in
e 

n
it

ra
te

C
hl

or
pr

om
az

in
e 

H
C

l 
D

ib
en

am
in

e 
H

C
l

46



Analysis of the log transformed data was also made to determine 
whether any differences in sleeping time occurred when the mice were 
placed on various shelves or in various locations on the tray. This was 
done comparing all positions individually, and also as a rows and columns

MEASUREMENT OF NARCOSIS IN MICE

T A B LE 2. MEAN SQUARE RATIOS FOR BETWEEN DOSES WITH SIGNIFICANCE LEVELS

Drug mg/kg s.c.

Pento
barbitone 
sodium 

mg/kg i.v.

Automatic apparatus Heated tray
Residual
degrees

of
freedom

Mean square 
ratio

Residual
degrees

of
freedom

Mean square 
ratio

Leptazol 60 70 16 2-47 N.S. 17 0-22 N.S.
1 20 70 14 0-01 N.S. 18 7-62 S.
240 70 14 12-10 H.S. 17 16-77 V.H.S.

Bemegride 10 75 16 0 51 N.S. 18 0-42 N.S.
10 75 16 0 04 N.S. 18 10-13 H.S.
15 75 16 1-93 N.S. 18 1 95 N.S.

Strychnine nitrate . 2-5 65 16 8-84 H.S. 18 3-78 N.S.
2-5 70 15 0-85 N.S. 17 1-18 N.S.
2-5 75 16 0-15 N.S. 18 0-10 N.S.

Chlorpromazine HCl 5-0 60 16 198-65 V.H.S. 18 161-27 V.H.S.
Dibenamine HCl 1 0 0 65 16 3-77 N.S. 18 0-49 N.S.

N.S. =  Not significant P > 0 05 
S. = Significant P < 0 05 
H.S. = Highly significant P < 0 01 
V.H.S. =  Very highly significant P < 0 001

analysis. No significant differences were found, indicating that the 
results obtained are not affected by the location of the mouse within the 
cabinet or on the tray.

A c k n o w l e d g e m e n t s .  Our thanks are due to Mr. D. L. Stephenson and 
Miss M. Holden for help in preparing the illustrations.
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A simple liquid flow recorder
L EE  A I-S E N G  A N D  R O B E R T  C. Y. L IN

A  liquid flow reco rder o f  sim ple design w hich can be easily constructed  with readily  
ob ta inab le  m ateria l a t low  cost is described. I t  is used with a p iston  recorder and 
a  tim e interval m ark ing  clock to  m easure the  ra te  o f liquid  flow over a range of a 
few drops to  50 m l/m in.

T HERE are several types of liquid flow recorders used in physiological 
laboratories: that described by Haranath (1962); Stephenson’s flow 

recorder (Burn, 1952); Gaddum’s drop recorder (1953); Thorp’s impulse 
counter (1953); Rothlin’s drop counter (1960); Fleisch’s (I960) totalisator; 
a simplified recording bubble flow meter for measuring blood flow by 
Hammond, Hyman & Nelson (1950) and a volume recorder devised by 
Biilbring, Crema & Saxby (1958).

The shortcomings of these recorders are: (i) the simple types of 
Haranath, Stephenson and Gaddum lack range and therefore can be used 
to measure only a slow rate of flow; (ii) excepting the recorders of 
Hammond and Biilbring, all the others do not furnish quantitative data 
of the rate of flow and (iii) the advanced types are elaborate in design and 
expensive to construct. We present here a simple recorder which can be 
constructed with ordinary material and parts at low cost.

DESIGN A N D  SPECIFICATION

The present liquid flow recorder consists of three un its: (1) a piston 
recorder (Palmer B126); (2) an A.C. time interval marking clock (Palmer 
C5C) and (3) a glass vessel with accessories mounted on a wooden block. 
The whole assembly of the recorder in use is shown in Fig. 1. Items 
1 and 2 are standard equipment usually available. The third item can 
be constructed from the parts as shown in Fig. 2. “A” is a glass vessel 
constructed with a side tube near its upper end for connection to a piston 
recorder; “B” is a glass funnel about 3 in in diameter for the collection 
of liquid inflow. This is fixed to the upper opening of glass vessel “A” 
(see Fig. 1). The stem of the funnel is about 5 cm long and its lower 
opening is constricted to about 1 mm in internal diameter to convert the 
lower opening into an inlet liquid valve. This constriction allows the 
liquid flowing through it by means of capillary action, to effect a “liquid 
seal” . This enables the piston recorder to respond to the changes in 
pressure within the glass vessel “A” after liquid has entered it. “C” is 
soft rubber tubing, about 5 cm long and 5 mm in diameter, attached to 
the lower end of glass vessel “A” . The type used in reservoirs in 
fountain pens was most suitable. “D ” is a lever made of perspex, one 
end of which is bent into a hook. This has a hole of 5 mm in diameter 
drilled through it at the position shown, to allow passage of the soft rubber 
tubing (see Fig. 2). A t the other end of the lever is mounted a nut “N ”

F ro m  the  D epartm en t o f  Pharm acology, U niversity  o f S ingapore, S ingapore 3, 
M alaysia.
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of about 20 g weight. The function of the lever is to close the soft rubber 
tubing with the hook end by the weight of the nut, thus preventing the 
liquid in the glass vessel “A ” from flowing out. “ S” is a solenoid of 
500 ohms resistance, which, when magnetised by a momentary flow of

A SIMPLE LIQUID FLOW RECORDER

F ig . 1. Assem bly o f  the  liquid flow reco rder com posing o f  the  follow ing p a r ts : 
A , glass vessel; B, a  glass fu n n e l; C, ru b b e r tu b in g ; D , perspex lever; H B , high 
tension  b a tte ry ; P R , p iston  reco rd er; S, so leno id ; T C , tim e c lock ; W B, w ooden 
b lock, and  N , b o lt nu t.

F ig . 2. B reakdow n p a rts  o f  th e  liqu id  flow re c o rd e r; A , glass vessel; B, a  glass 
fu n n e l; C , ru b b er tu b in g ; D , perspex lever; N , bo lt n u t ;  M C, m oun ting  c lip ; S, 
solenoid and  W B, w ooden  block.

current produced by the time clock closing the circuit, raises the nut “N ” 
allowing the Perspex hook to move downward thus relieving the pressure
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on the rubber tubing. The liquid collected in the glass vessel “A” then 
flows out. “WB” is a wooden block for the mounting of “A”, “ S” and 
“ D ” together. “ MC” are three metal clips. A breakdown of the 
design of the recorder into its various parts is shown in Fig. 2.

OPERATION

Before the recorder is used, a piston recorder of suitable size is chosen 
and connected to the side tube of glass vessel “A” by rubber tubing. 
A 45 V dry battery is connected to the solenoid through the signal posts 
of a time clock. The time interval for the time clock to operate the 
solenoid circuit is selected on the basis of the slower the rate of liquic flow 
to oe measured, the longer the time interval.

The liquid is collected by funnel “B”. On entering glass vessel “A” , 
it raises the air pressure therein and causes the writing lever of the piston 
recorder to rise. The rise in height of the lever is proportional to the 
volume of liquid entering the vessel “A” . The height recorded by the 
lever per unit time is thus a direct measure of the rate of liquid flow. 
A calibration scale of the height in terms of the rate of flow in volume/min 
should be made before the operation of the recorder. An example is 
shown on the left-hand side of Fig. 3 which is a tracing showing changes 
in the rate of outflow of perfusate coming out from the blood vessel of

F ig . 3. K ym ograph  trac ing  show ing changes in th e  ra te  o f  liquid-flow  th ro u g h  the 
bic od  vessels o f a  perfused isolated rab b it ear as affected by the injection o f  0-25 fig 
o f  ad renaline  a t A  to  the  perfusate m ade with th e  p resent recorder. A  calib ra ted  
scele o f the  ra te  o f  flew per 30 sec is show n on the  left-hand side. T im e is in 60 sec.

an isolated rabbit ear as affected by the injection of 0-25 f i g  of adrenaline. 
The downward stroke of each tracing registers the draining out o f the 
collected liquid from glass vessel “A” at an interval set by the time clock 
and performed by the action of the solenoid “S” .

DISCUSSION

We find the present flow recorder offers the following advantages: 
(1) the main unit can be easily constructed from readily obtainable mater
ials at low cost; (2) the tracing obtained shows at a glance, changes in a
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positive way the rate of liquid flow and also gives a quantitative measure 
when referred to the calibration scale; (3) it offers a fairly high sensitivity 
of response which is reproducible and (4) by varying the glass vessel “A”, 
and the piston recorder size and the time clock setting, the range of the 
recorder can be extended from a few drops to 50 ml/min.

A SIMPLE LIQUID FLOW RECORDER
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Letters to  the E ditor
A restraining cage for metabolic studies in rats

S ir ,— T he cage show n in F ig. 1 w as developed  to  enable urine and b ile  to  be 
co llected  from  rats after oral adm inistration  or injection  o f  drugs or other  
foreign organic com pounds. W hile sim ilar to  the cage described by B ollm an
(1948), it  has the advantages o f  being easily  and rapidly adjustable to  rats o f  
different sizes and w eights and o f  a llow ing  urine to  be collected  norm ally.

T he cage is m ade o f  8 m m  thick  Perspex and consists o f  an 18 by 35 cm  
base p late and  three 10 cm  w ide upright pieces. T he front p iece is 27 cm  
high and  has a spring clip  to  h o ld  a water bottle . T he m iddle p iece is 12-3 cm  
high and is p laced  6 cm  from  the front p iece. B oth  o f  these are screwed to  
the base plate and are grooved  to  take a  slidable fo o d  cup m ade o f  3 m m  thick  
Perspex. T he end piece including its base is 22 cm  high and is m ovable along  
a slo t in  the base p late. T he end piece can be m oved  from  13 to  25 cm  from  
the front p iece and is fixed by a set screw. H o les for the drinking tube and  
the tail o f  the rat are 2 cm  in diam eter.

T he urine collector, m ade o f  stain less steel sheet, is 8 cm  lon g  and is p laced  
3 cm  under the floor bars on  the end plate. It slopes dow nw ard and narrows 
tow ards the ou tlet tube w hich is 8 cm  under the floor.

F i g . 1

T he floor and sides o f  the cage are m ade o f  32 cm  lon g  stainless steel rods 
(3 m m  diam eter w eld ing rods) p laced through holes in the upright pieces. 
T he floor is 6 cm  w ide and consists o f  six rods p laced  12 cm  above the base  
plate. A ccess to  the fo o d  cup is obtained  by slid ing the four innei rods back  
to  the m iddle upright p iece. T he sides are form ed by rods p laced in the outer  
ring (10 holes, 6 cm  h igh by 6 cm  w ide) or the inner ring (8 holes, ¿-5 cm  high  
by 4-5 cm  w ide) and the enclosed  space can be easily  varied by using different 
com binations o f  holes. T he rods are bent on  one end and are prevented from  
slid ing by stretching rubber bands on  the opposite ends.
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Amphetamine toxity in aggressive mice
S ir ,— The toxic effects o f am phetam ine in  m ice can be influenced by a  num ber of 

fac to rs: w eight o f  th e  anim al (C hance, 1947; F in k  & L arson , 1962), env iron
m ental tem perature  (H ohn  & L asagna, 1960; Askew, 1961; F ink  & L arson, 1962) 
noise (C hance, 1946,1947; C ohen & Lai, 1964), the num ber o f  anim als in  a  cage 
(C hance, 1946; B urn  & H obbs, 1957) and  painful stim uli (W eiss, L aties & 
B lanton, 1961).

M ice kep t isolated fo r a  long tim e an d  show ing aggressiveness also show  
increased sensitivity to  the toxic effects o f  am phetam ine.

M ale, Swiss, alb ino  mice, weighing ab o u t 20 g were used. They were kep t 
usually 6/cage in  M akro lon  cages w ith a floor surface o f  40 cm 2 a t a  room  
tem peratu re  o f  22° an d  a  relative hum idity  o f  60%.

Aggressive mice were ob tained  (Y en, S tanger & M illm an, 1959) by isolating 
the anim als in  individual cages o f  the sam e dim ensions, b u t w ith  an  opaque wall, 
fo r fou r weeks. A fter th is period, the mice becam e aggressive and  fought am ongst 
themselves w hen they were grouped.

D exam phetam ine was given in traperitoneally  in  different doses to  b o th  norm al 
an d  aggressive mice. E ach group  contained  iso lated  and  grouped  anim als. 
T he toxicity w as calculated  after 24 h r  (Litchfield & W ilcoxon, 1949).

T he results are in  T able 1.

TABLE 1. TOXICITY OF AMPHETAMINE IN NORMAL AND AGGRESSIVE MICE

Experimental condition
LD50 (and 95°/( 

limits) of dexamp
confidence fiducial 

hetamine in mg/kg/i.p.
Normal mice 
— isolated 47-5 (32-7 -  6 8 -8)
— grouped .. 9-0 (8 -0  -  1 2 -0 )
Aggressive mice 
— isolated 11-0 (7-3 -  16-5)
— grouped .. 3-7 (2-6 -  5-3)

A minimum of 48 mice was used for each experimental group.

T he toxicity o f dexam phetam ine is increased in  aggressive m ice com pared 
w ith norm al m ice w hether they  are  isolated o r g rouped  a t  the m om ent o f  the 
adm in istra tion  o f  the drug.

Since H alpern , D rudi-B aracco & B essirard (1962) suggested a  correlation  
betw een am phetam ine toxicity  and  the level o f b ra in  catecholam ines, this was 
investigated, b u t w hen b ra in  5-hydroxytryptam ine and  noradrenaline  w as
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determ ined spectrofluorom etrically  (Shore, 1959) these were the sam e for norm al 
and aggressive m ice.

Our results add  another factor to  the m any already k now n to  affect am phet
am ine toxicity . T hey a lso provide a new  lead  to  the understanding o f  b io log ica l 
changes occurring during the developm ent o f  the aggressive behaviour.

Institu te di R icerche F arm acologiche S. C o n so l o

“ M ario N egri” S. G a r a t t in i

V ia Eritrea 62 L. V a l z e l l j

M ilan , Italy  
N ovem b er 4, 1964
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A method for evaluating imipramine-like agents in rats*
S i r ,— D em on stration  o f  im ipram ine-like activity in  anim als is difficult. 

Stein & Seifter (1961) reported that the increase in  self-stim ulation  rate induced  
by m etham phetam ine w as enhanced  by im ipram ine as a result o f  augm entation  
o f  the central adrenergic reward system . W e have n ow  investigated  the  
behavioural effects o f  am phetam ine and im ipram ine in anim als trained for an  
autom atic pole-clim bing apparatus (A ceto , K innard & B uckley, 1963).

A  group o f  six m ale alb ino rats (25 0 -3 5 0  g) was trained to  clim b a p o le  in  
response to  an  auditory signal, and  so  avo id  a sh ock  delivered by an electrified  
grid floor. A  successful clim b depressed a  m icrosw itch  w hich term inated the  
trial and  perm itted a  longer intertrial period. T he apparatus w as program m ed  
so  that 100 trials cou ld  be presented during a  2  hr session . E ach trial co n 
sisted  o f  8 sec o f  auditory ton e  (avoidance phase), 6 sec o f  auditory tone plus 
shock  (escape phase) and 58 sec o f  intertrial tim e. A  sh ock  scanning device  
w as used  w hich energized the grid by scanning at the rate o f  3 tim es/sec. 
Current w as m easured by am m eter, and rats were shocked w ith  500 V  at about 
3 m A .

A nim als were trained to  avoid  shock  in  95% or better o f  the trials. In the  
experim ents reported here, non e o f  the drug-treatm ents significantly im paired  
the ability  o f  the rats to  successfully  avoid  or escape. The avoidance response  
latency for each rat was recorded by m eans o f  a pen polygraph; 16 control 
days revealed that the rats clim bed the p o le  in  an average tim e o f  5-4 sec, w ith  
a range o f  4-9 to  6-0 sec. Salts o f  the drugs, im ipram ine (hydrochloride) and  
am phetam ine (sulphate), were injected intraperitoneally in saline once a w eek

* S u p ported  in  p a r t by  a g ran t from  N .I .H .
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ju s t  b e fo re  th e  ex p erim en t, w ith  c o n tro l ex p erim en ts  u s in g  o n ly  sa lin e  in jec
tio n s  a t  a  sim ila r tim e o f  d ay  tw ice a  w eek. A ll d ru g -tre a tm e n ts  w ere  rep lica ted  
a n d  th e  d a ta  re p re se n t th e  av erage  o f  tw o  experim en ts .

T A B LE 1. A C T IO N  O F IM IPR A M IN E  A N D  A M PH ETA M IN E O N  A V O ID A N C E LA TEN C IES IN  
A U T O M A T IC  P O L E -C L IM B  RESPON SE

LETTERS TO THE EDITOR, J. Pharm. Pharmacol., 1965, 17, 55

Average group avoidance (sec) for numbers of trials after injection
0 - 1 0 1 1 - 2 0 21-30 31 40 41-50 51-60 61-70 71-80 81-90 91-100

Controls (16 days) .. 5-3 5-2 5 4 5-7 5-3 5-5 5-4 5-4 5-3 5-3
Imipramine (10 mg/kg) 4-8 4-7 5-5 5-3 5-6 5-9 60 5-3 5-8 5-9
Amphetamine (0-25 mg/kg) 4-8 3-9* 4-4 50 5-4 5-5 5-7 5-4 50 5-3
Amphetamine (1 mg/kg) 
Imipramine (10 mg/kg) +

3-3* 2 -2 * 2 -2 * 2-4* 3-0* 31* 3-3* 3-6* 3-8* 40*
amphétamine (0-25 mg/kg) 3-5* 1 -6 * 1 -8 * 2-5* 2 -8 * 3-5* 3-5* 3-6* 3-5* 3-8*

* P <0-05 from controls.

R esu lts , a s  su m m arized  in th e  T ab le , in d ica te  th a t  1 m g /k g  o f  a m p h e tam in e  
sign ifican tly  fa c ilita te d  a v o id an ce  re sp o n se  la ten cy  a n d  10 m g /k g  o f  im ip ram in e , 
a  d o se  w h ich  w as w ith o u t effect in th is tes t, p o te n tia te d  th e  effects o f  0-25 m g /k g  
o f  a m p h e ta m in e  in to  a  re sp o n se  o b ta in e d  w h en  1 m g /k g  o f  a m p h e tam in e  w as 
g iven  a lo n e . T h e  m e th o d  seem s su itab le  fo r  sc reen ing  im ip ram in e-lik e  agen ts.

C h em ica l H y g iene  F ello w sh ip , H . E . Johnson
M ello n  In s titu te , M . E . G o ld ber g*
4400 F if th  A venue,
P ittsb u rg h , P e n n sy lv an ia  15213,
U .S .A .
N o v e m b e r 2, 1964
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N on-depolarising neurom uscular blockade by 
3a,17a-bis(quaternary am m onium ) 5a-androstanes

Sir,— A lth o u g h  m an y  m o le c u la r  fe a tu res  a re  k n o w n  to  in fluence n e u ro 
m u sc u la r  b lo ck in g  activ ity  a n d  p lau s ib le  a lte rn a tiv e  e x p la n a tio n s  ex is t (L oew e 
&  H arv ey , 1952; C av a llito  & G ra y , 1960; W aser, 1959, 1962), th e  p o te n t 
n e u ro m u sc u la r  b lo ck in g  activ ity  c h a ra c te ris tic  o f  c e r ta in  b isq u a te rn a ry  sa lts  
is o ften  env isag ed  in  te rm s o f  a  “ tw o -p o in t” a tta c h m e n t in  w h ich  th e  c a tio n ic  
h ead s in te ra c t s im u ltan eo u s ly  w ith  se p a ra te  a n io n ic  sites o f  th e  ace ty lch o lin e  
re ce p to rs  o n  th e  p o st-sy n a p tic  m em b ran e  as first p ro p o se d  by B a rlo w  &  Ing  
(1948a, b ) a n d  P a to n  &  Z a im is  (1948, 1949).

D e d u c tio n s  co n ce rn in g  th e  sp a tia l se p a ra tio n  o f  th ese  an io n ic  sites h av e  been  
m ad e  (B arlow , 1960 a n d  refs c ited ) in  te rm s o f  th e  in te ro n iu m  d is tan ce  o f  th e  
d é ca m é th o n iu m  m olecu le , since th is  c o m p o u n d  in  several species ex h ib its  th e  
h ig h est p o ten cy  o f  th e  h o m o lo g o u s  p o ly m e th y len eb is(tr im e th y lam m o n iu m ) 
salts , in  th e  be lie f th a t  m ax im al p o ten cy  is a  d irec t re flection  o f  ab ility  to  sp a n  
exac tly  th e  gap  b e tw een  tw o  o f  th e  sites w hich  a re  c o n sid e red  to  lie in  a  re g u la r  
la ttice . I t  w as a ssu m ed  th a t  th e  d é ca m é th o n iu m  m olecu le  u n d e rw en t in te rac tio n
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in the fu lly  staggered conform ation  (interonium  distance ca. 14A). B ut doubts  
ab ou t the valid ity o f  this assum ption  arise from  conductim etric studies w ith  
polym ethylene bisquaternary salts (B rody & F u oss, 1956; R ice, 1956, 1958; 
E lw crthy, 1963, 1964), w hich indicate that the extended conform ation  is n o t  
favoured in  aqueous or ethanolic  so lu tion , and from  the h igh potencies present 
in  a  num ber o f  bisquaternary salts n o t capable o f  an  interonium  distance as 
large as 14A (B ovet & others, 1946, 1947; L iittringhaus & others, 1957; H ain ing  
& Jchnston , 1962), including the fully rigid toxiferine I (Craig, 1955) w ith an  
interonium  distance o f  ca. 9-7A .

In an attem pt to reduce the am biguities inherent in studies em ploying freely  
flexible m olecu les, w e exam ined (A lauddin , 1962) the steroid  nucleus as a 
supporting m oiety  upon  w hich to append tw o quaternary am m onium  groups in  
different spatial arrangem ents. T he com pounds so  prepared were then to  be  
used for an investigation  o f  the im portance o f  interonium  distance and cation ic  
head size in  neurom uscular b lock ing activity. Our assum ption  that such co m 
pounds w ou ld  possess a  su itable hydrophilic to  lipophilic balance— know n to  be  
o f  im portance in  neurom uscular b lock ing activity (C avallito  & G ray, 1960)—  
w as subsequently borne out by the observation  that the steroidal alkaloid  
m alcuetine possessed  activity sim ilar to  that show n by (+ )-tu b o cu ra r in e  
(Janot & others, 1960).

In itia lly  w e aim ed to synthesise and  study pharm acologically  a series o f  3a, 
17a-bis(quaternary am m onium ) 5a-androstanes since inspection  o f  m odels 
show ed the interonium  distance in  these com pounds to  fall w ith in  the apparently  
favourable range o f  9 -2-10-6A  (according to the conform ation  adopted  by 
ring A ), and  since the a-configuration o f  the quaternary am m onium  functions  
w as expected  to  elim inate possib le steric hindrance to interaction w ith the  
receptors by the jS-methyl groups on  C -10 and  C-13. R ecent publications  
from  another laboratory (B iggs, D a v is & W ien, 1964; M ay & Baker, 1963), 
describing com pounds closely  related to  som e prepared by us, has prom pted us 
to  report on  our w ork. T he relevant com pounds studied by us were 3a, 17a- 
bisdi:nethylam ino-5a-androstane di(m ethiodide) (I), 3a, 17a-bisethylm ethyl- 
am ino-5a-androstane di(m ethiodide) (II), 3a,17a-bisdiethylam ino-5a-androstane  
di(m eth icd ide) (III) and  3a,17a-bisdiethylam ino-5a-androstane d i(eth iodide)
(IV), all o f w hich were prepared from  5a-androstane-3,17-dione by reduction  
to  the corresponding 3jS,17/9-diol, Sx2 d isplacem ent o f  the derived dim ethane- 
su lphonate ester by azide ion  (cf. H enbest & Jackson, 1962), reduction o f  the  
resuliing 3a,17a-diazido-5a-androstane to  the prim ary diam ine and quaternisa- 
tion  w ith the appropriate alkyl groups.

T able 1 show s the relative potencies o f  these com pounds as tested  o n  different 
preparations. O n the cat and hen gastrocnem ius m uscle-sciatic nerve prepara
tions, all four com pounds show ed a duration o f  action  o f  approxim ately one
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TABLE 1. N euromuscular blocking potency

Preparation
Molar potency 

(-f )-Tubocurarine = 1 00

Compound I Compound II Compound III Compound IV
Cat gastrocnemius muscle/sciatic nerve 26-7 83-7 87-4 45-5
Hen gastrocnemius muscle/sciatic nerve 53-4 1 1 1 -8 116-5 90-9
Frog rectus abdominis muscle 45-7 183-5 497-6 211-9
Rat phrenic nerve/diaphragm 5-53 8-04 10-7 11*2
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h a lf that o f  (+ )-tu b o cu ra rin e . A ll exh ib ited  typical non-depolarising activity  
as show n by the absence o f  m uscular contracture in  the hen, poten tiation  o f  
the b lock  by ether and (+ )-tu b o cu ra r in e  in  the cat, failure to  support a  tetanus 
in  the cat, com plete rapid reversal by edrophon ium  in  both  the hen and  cat 
and by the results obtained  w ith  the frog and rat preparations. T his is o f  
interest, as décam éthonium  show s an in itial depolarising b lock  in  som e species, 
including the cat, and on  replacem ent o f  A'-methyl groups by higher alkyl 
radicals th is is converted  in to  a purely non-depolarising b lock. O nly com 
p ou n d  III reduced the height o f  contraction  o f  the n ictitating m em brane to  
pre-ganglionic stim ulation  o f  the superior cervical sym pathetic nerve in  the cat, 
but th is w as at a d ose  o f  2 m g/kg  w hich is tw enty  tim es that required to  produce  
a  50% neurom uscular b lock  in  this anim al. A lthough  there w as n o  reduction  
in  b lood  pressure in  the anaesthetised  cat, a ll four com pounds had  a significant 
inhibitory action  o n  the Trendelenburg preparation and  were equipotent w ith  
hexam éthonium .

E m ploying enzym e prepared from  rat brain (F enw ick  & others, 1957) in  a  
m odification  o f  the m ethod  o f  A m m on  (1933), a ll four com pounds exhib ited  
w eak anticholinesterase activity (pI50 values o f  4T 1 to  4-73; (+ )-tu b o cu ra rin e ,
3-05 ; eserine, 6 68) suggesting that their shorter duration o f  action  in  the cat and  
hen  com pared  to  (+ )-tu b o cu ra r in e  cou ld  be due to  a  partial inhibition  o f  acetyl
cholinesterase.

T ab le 2  show s the E D 50 , L D 50  and  therapeutic index o f  each  com pound  
as determ ined by in traperitoneal in jection  in to  m ice using the inclined screen  
m eth od  o f  T h om son  (1946) and calculated  by the m ethod  o f  M iller & T ainter 
(1944). D ea th  in  all anim als resulted from  respiratory paralysis.
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T A B LE 2. ED50 (±S.E.), LD50 ( ± s.e.) and  therapeutic index in  mice

Compound I Compound II Compound III Compound IV (+ )-Tubocurarine
ED50 mg/kg 4-5 ±  0-36 3-58 ± 0-14 2-72 ± 0-32 5-0 ±  0-5 0-3 ±  0 018
LD50 mg/kg 6-1 ±0-38 4-25 ±  0-11 3-82 ±  0-3 7-9 ± 1*52 0-51 ±  0  026
Therapeutic Index 
LD50/ED50 1-36 119 1-41 1-58 1-71

A n  interesting feature o f  our com pounds is, that unlike the polym ethylene  
bisam m onium  salts (E lw orthy, 1964), the in teronium  distance can  be expected  
to  rem ain  virtually constant as A -ethyl groups replace A -m ethyl groups. T hus, 
the observed increase in  poten cy  from  the A -trim ethyl com p ou n d  to  the N- 
diethyl m ethyl com p ou n d  and subsequent fa lling  o ff in  the A -triethyl com p ou n d  
can probably be directly attributed to  the variation  o f  the A -alkyl substituents. 
T h e high p oten cy  present in  the stereoisom eric 3 (¡,17,8-, 3a, 17 ( -  and  3 (,1 7 a - com 
p ounds related to  ours (B iggs, D av is, M axw ell & W ien, personal com m unica
tion , data to  be published; M ay &  Baker, 1963), each  series having interonium  
distances w hich  can  be expected  to  differ from  the 3a,17a-series, indicates the 
relative unim portance o f  a  “ fixed” in teronium  distance in  determ ining neuro
m uscular b lock ing  activity. T his n ot on ly  em phasises the im portance that 
m ust be attached to  other factors such as hydrophilic to  lipophilic  balance, 
transport m echanism s and  sites o f  loss, but is o f  interest in  the light o f  the work  
o f  G ill (1959) on  ganglion -b lock ing activity w ho concluded  that potency  
shou ld  fall over a  range o f  interonium  distance due to  variability in  the receptors
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( c f  a lso  K o sh la n d , 1958). M o reo v er, th e  activ ity  o f  th e  3 8,17/3-, 3a, 17/3- 
a n d  3 jS ,17a-b isquaternary  sa lts m ak es it c lea r  th a t  th e re  is n o  s te ric  im p ed an ce  
to  re c e p to r  in te ra c tio n  by  th e  a n g u la r  m e th y l g ro u p s  o n  C -10 a n d  C -13 in  
th ese  c o m p o u n d s  a n d  th a t ,  a s  w ith  th e  m a lo u e tin e  series (K h u o n g  H u u -  
L ain e  &  P in to -S co g n am ig lio , 1964), s te reo iso m erism  in  s te ro id a l b isq u a te rn a ry  
sa lts  a p p ea rs  to  h av e  little  effect o n  n e u ro m u sc u la r  b lo ck in g  activ ity . T he 
p resen ce  o f  ac tiv ity  in  3a, 17/3- a n d  3 j8 ,1 7a-b is(quaternary  a m m o n iu m ) 5a- 
a n d ro s ta n e s  w h ere  th e  q u a te rn a ry  h e ad s  lie o n  o p p o site  sides o f  th e  s te ro id  
n u c leu s m ig h t p e rh ap s  su p p o r t  th e  a d u m b ra tio n  th e o ry  (L oew e &  H arv ey , 
1952 cf. a lso  F a k s to rp  &  o th e rs , 1957) o r  th e  re c e p to r  p o re  th eo ry  (W aser, 
1959, 1962) ra th e r  th a n  th e  “ tw o -p o in t”  a tta c h m e n t th eo ry , b u t th e  poss ib ility  
o f  a n  ed g e-o n  a p p ro a c h  o f  th e  s te ro id  m o lecu le  to  th e  re c e p to r  a lo n g  the  
s tag g ered  c h a in  o f  n in e  c a rb o n  a to m s a t p o sitio n s  3, 2, 1, 10, 9, 11, 12, 13 a n d  17 
c a n n o t be  ru le d  ou t.
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D eterm ination and  identification o f am phetam ine in urine

Sir,— W e re p o r t  h e re in  a n  im p ro v e d  a n d  m o re  c o n v en ien t m e th o d  th a n  th a t  
re p o r te d  p rev io u sly , fo r  th e  d e te rm in a tio n  a n d  id en tific a tio n  o f  a m p h e tam in e  in 
u r in e  (cf. B eck e tt &  R o w la n d , 1964). T h e  d e te rm in a tio n  is b a se d  o n  a m o d ifica 
t io n  o f  th e  m e th o d  o f  C a rto n i & S te fan o  (1963). G a s-liq u id  c h ro m a to g ra p h y  
w as u sed  w ith  A W -d im eth y lan ilin e  as th e  in te rn a l s ta n d a rd , w h ile  a m p h e tam in e  
w as iden tified  a n d  se p a ra te d  fro m  re la te d  am in es as th e  ace to n e  d e riv a tiv e  (cf. 
B ro c h m a n n -H a n sse n  &  S vendsen , 1962).

Fig. 1. C h rom atogram s of am phetam ine, m ethylam phetam ine, jS-phenylethylamine 
and A W -dim ethylaniline in the absence and  presence of acetone: I ether, 2 acetone, 
3 ATV-dimethylanilineftE 7-5 m in), 4 m ethylam phetam ine (tE 8-7 m in), 5 am phetam ine 
(tE 9-5 m in in ether, 10-4 min in acetone), 6 /3-phenylethylamine ( tR 10-8 m in in 
e ther, 17-4 m in in acetone).

Procedure. U rin e  (2-5 m l) w as p ip e tte d  in to  a  g lass-sto p p ered  cen trifu g e  tu b e , 
n e u tra lis e d  w ith  d ilu te  h y d ro c h lo r ic  a c id  o r  so d iu m  h y d ro x id e  so lu tio n , as 
a p p ro p ria te , a n d  th e n  0 T  m l 5 n  h y d ro c h lo ric  ac id  a d d ed . T h e  u r in e  w as 
e x tra c te d  w ith  fresh ly  d istilled  A n a la r  d ie thy l e th e r  (3 x  2-5 m l), c en trifu g ed  a n d  
th e  e th e r  e x tra c t re jected . S o d iu m  h y d ro x id e  (0-5 m l, 5 n ) w as a d d e d  to  th e  
u r in e  w h ich  w as th e n  e x tra c te d  w ith  e th e r  (3 x  2-5 m l), c en trifu g in g  betw een each  
e x tra c tio n . T h ese  e th e rea l ex tra c ts  w ere  t ra n s fe rre d  to  a  15 m l Q u ick fit tes t tu b e , 
th e  b ase  o f  w h ich  w as finely  tap e red . 1 m l o f  A W -d im ethy lan iline  so lu tio n  in 
e th e r (5 ^ g  b ase /m l) w as a d d e d  a n d  th e  so lu tio n  th e n  c o n c e n tra te d  o n  a  w a te r  
b a th  a t  40° to  a b o u t  50 fll. A p p ro x im a te ly  3 -5  fll o f  th e  c o n c e n tra te  w as 
in jec ted  fo r  an a ly sis  in to  th e  c h ro m a to g ra p h . A  c a lib ra tio n  cu rv e  w as o b ta in e d  
by  m ea su rin g  th e  ra tio  o f  p e a k  h e ig h ts  o f  a m p h e tam in e  to  A W -d im ethy lan iline  
fo r  k n o w n  c o n c e n tra tio n s  o f  a m p h e tam in e  in  u rin e . T h e  cu rv e  w as fo u n d  to  be  
lin e a r  o v er th e  ra n g e  0 T -1 0  /¿g a m p h e tam in e  p e r  m l o f  u rin e  a n d  th e  m e th o d  h a d
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a n  o v era ll a ccu racy  o f  1 0 0 + 5 % . In te rfe rin g  p e ak s  w ere  n o t  fo u n d  o n  
an a ly s in g  m an y  sam ples o f  u rin e  fro m  m an y  sub jects.

A  P e rk in  E lm er F I  1 gas c h ro m a to g ra p h  w as u sed . T h e  c o lu m n  w as a 100-120  
m esh  ac id -w ash ed  celite  545, o n to  w h ich  w as c o a te d  5%  p o ta s s iu m  h y d ro x id e , 
a n d  1C% c a rb o w a x  6000, a n d  p a c k e d  in to  a  2 m e tre  1/8 in  o .d . s ta in less steel tu b e . 
T h e  c o lu m n  w as s ilizan ised  w ith  h ex am eth y ld is ilizan e  a t  th e  o p e ra tin g  c o n d itio n s  
w h ich  w ere  as fo llo w s: c o lu m n  te m p e ra tu re  140°; in jec tio n  b lo ck  te m p e ra tu re  
250°; n itro g e n  flow  ra te  20 m l/m in  (m easu red  a t  ro o m  te m p e ra tu re ); h y d ro g e n  
p re ssu re  15 lb /in 2; a ir  p re ssu re  25 lb /in .2

A m p h e ta m in e  w as fu r th e r  iden tified  by  a lte ra tio n  o f  its  re te n tio n  tim e  by 
c o n v ers io n  to  its a ce to n e  d e riv a tiv e  as fo llow s. A c e to n e  (0-5 m l) w as a d d e d  to  
th e  e th e r  c o n c e n tra te  in  a  ta p e re d  te s t- tu b e  a n d  e v a p o ra te d  to  a b o u t  50 ul o n  a  
w a te r-b a th  a t  60°. T h e  c o n c e n tra te  (3 -5  /ff) w as in tro d u c e d  in to  th e  c h ro m a to 
g ra p h ; a  ch a ra c te ris tic  sh ift o f  th e  a m p h e ta m in e  p e a k  to  th e  a m p h e ta m in e : 
a ce to n e  d e riv a tiv e  p e a k  w as o b se rv ed  (see F ig . 1). T h e  o b se rv ed  sh ift d iffe ren 
tia tes  a m p h e ta m in e  fro m  o th e r  re la te d  am in es c h ro m a to g ra p h e d  in  th e  p re sen c e  
a n d  ab sen ce  o f  ace to n e , e.g. see F ig . 1.

T h e  to ta l tim e  n ecessary  fo r  th e  ana ly sis  o f  six teen  sam ples is a b o u t  6 h r, 
w h ich  is sh o rte r  th a n  th a t  fo r  th e  p rev io u s  m e th o d  (B eck e tt &  R o w la n d , 1964). 
F u r th e rm o re  less sam p le  is re q u ire d  a n d  assays o f  0T  fig a m p h e tam in e  base  p e r  
m l u rin e  m ay  be  m ad e  w ith o u t in te rferen ce  fro m  c o n s titu e n ts  in  u rin e .

Acknowledgement. O n e  o f  u s  (M .R .)  th a n k s  th e  M e d ica l R e se a rc h  C o u n c il  
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The pharmacology of hippocampal neurones
S ir ,— L ittle  is k n o w n  o f  th e  d irec t re sp o n se  o f  cells in  th e  h ip p o ca m p a l 

c o rte x  to  p o te n tia l  c e re b ra l n e u ro tra n sm itte rs . W e h a v e  a p p lie d  v a rio u s  
d ru g s  m ic ro e le c tro p h o re tica lly  in to  th e  e n v iro n m en t o f  th ese  cells a n d  tes ted  
th e ir  effects o n  cell firing . T h is  le tte r  re p o rts  so m e  p re lim in a ry  findings.

O u r  ex p erim en ts  w ere m ad e  o n  n in e  a d u lt  c a ts  u n d e r  c h lo ra lo se -u ie th a n e  
o r  p e n to b a rb ito n e  a n aesth es ia . T h e  o v erly ing  n e o co rtex  w as su ck ed  aw ay  
a n d  th e  la te ra l ven tric le  w as filled w ith  3% a g a r, a n d  th e  ex p o su re  o f  th e  d o rsa l 
h ip p o ca m p u s  co m p le ted . T h e  a c tiv ity  o f  cells in  th e  C A 1 a n d  C A 3 fields w as 
re co rd e d  ex trace llu la rly  w ith  th e  c en tra l 2-7 m o la r  N a C l filled  b a rre l  o f  a
5 -b a rre lled  g lass m ic ro p ip e tte . T h e  to ta l  t ip  d iam e te r  w as 4 -8  fi. CeL firing  
w as m o n ito re d  c o n tin u o u s ly  o n  a n  o sc illo scope  a n d  w ith  a n  au d io am p lifie r. 
T h e  sp ikes w ere  a lso  led  th ro u g h  a  d isc r im in a to r  to  a  ra te m e te r  th e  o u tp u t  o f  
w h ich  w as led  to  a  p en w rite r.

T h e  o th e r  4  b a rre ls  o f  th e  m ic ro e lec tro d e  c o n ta in e d  s tro n g  aq u eo u s  so lu tio n s  
o f  io n izab le  d ru g s. T h ese  w ere  ex p elled  fro m  th e  e lec tro d e  t ip  b y  th e  p assa g e  
o f a p p ro p ria te  c u rre ts .

O v e r 150 cells h av e  been  d e tec ted — th ese  e ith e r  fired  sp o n ta n eo u s ly  o i c o u ld  
be excited  b y  L -g lu tam ate  (co n firm in g  u n p u b lish e d  o b se rv a tio n s  b y  A n d e rsen ,
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C rawford & C urtis, c ited  in  C raw ford & Curtis, 1964). T he application  o f  
L-glutam ate often  resulted in  the developm ent o f  h igh frequency synchronised  
activity (3 0 -5 0 /sec) m aking unit recording difficult. y -A m inobutyric acid  
had a  m arked depressant action  on  all the cells tested . A s in the necortex  
these substances had  a characteristic short latency before their effects were 
observed and their effects ceased  w ith in  a  second  o f  turning o ff the expelling  
current.

N early  90 cells have been tested  w ith acetylcholine. A b o u t h a lf o f  them  were 
excited . T his excitation  had a characteristic lon g  latency and persisted  for  
m any seconds after stopping the expelling current. Other choline esters, 
acetyl-(¡-m ethylcholine and carbam ylcholine, a lso  excited  these cells. T hese  
cholinoceptive  cells are chiefly concentrated  in  the superficial layers o f  the  
hippocam pal cortex, betw een the alvear surface and  1 m m  deep. Their receptors 
are principally m uscarinic as atropine selectively b locked  the excitatory response  
to  acetylcholine but had  n o  effect on  that o f  L-glutam ate, w hile dihydro- /3- 
erythroidine w as ineffective. H ow ever, w ith  d im ethyl-) -j- )-tubocurarine the  
acetylcholine response cou ld  occasionally  be selectively depressed for m any  
m inutes. Further investigation  is needed  to  determ ine w hether acetylcholine  
is acting on  pyram idal cells and has a  genuine transm itter action  a t this site.

M ost o f  the cells reacting to  5-hydroxytryptam ine show ed a  progressive  
depression  and som e o f  them  to o k  up to  45 sec before they recovered their 
form er excitability . A  sm all num ber o f  cells w ere excited  by 5-hydroxytrypt- 
am ine.

T he responses o f  h ippocam pal cells to  these substances are qualitatively  
sim ilar to  those described for neocortical cells by K m jevic  & Phillis (1963).
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Inhib ition  o f noradrenaline uptake by drugs

S ir ,— T he in vivo studies o f  A xelrod, W hitby & H ertting (1961), H ertting, 
A xelrod  &  W hitby (1961), H ertting, A xelrod  & Patrick (1962) and A xelrod , 
H ertting & Potter (1962) and the in vitro studies o f  D engler, Spiegel & T itus  
(1961) show ed that the uptake o f  noradrenaline in to sym pathetically  innervated  
tissues can be inhibited  by a w ide variety o f  drugs. A m on g  the com pounds  
reported to  act as inhibitors o f  noradrenaline uptake were cocaine, reserpine, 
guanethidine, im ipram ine, chlorprom azine and the adrenergic b lock ing agents 
dichloroisoprenaline (d ci), ergotam ine and phenoxybenzam ine. T he present 
study w as undertaken as a quantitative investigation  o f  the potencies o f  these  
and certain other drugs as inhibitors o f  noradrenaline uptake.

In previous reports from  this laboratory the k inetics o f  noradrenaline uptake  
in  the iso lated  perfused rat heart and the inh ib ition  o f  this process by a group  
o f  sym pathom im etic am ines have been described (Iversen, 1963; 1964). T he  
m ethods used  in  the present experim ents are described in these papers. D rugs  
were added to  the perfusing m edium , w hich  also  conta ined  14C -noradrenaline. 
T he uptake o f  noradrenaline w as m easured by analysing the 14C -noradrenaline 
content o f  the heart a t the end o f  a  10 m in. perfusion. E ach drug concentration  
was tested  on  a group o f  four hearts and the results w ere expressed as the m ean  
percentage inh ib ition  o f  noradrenaline uptake in  the drug-treated group w hen  
com pared w ith the uptake in drug-free controls. W hen sufficient data were 
available the drug concentration  required to  produce a 50% inhibition  o f  
noradrenaline uptake (ID 50) w as calculated.

TA B LE I. THE INHIBITION OF NORADRENALINE UPTAKE BY DRUGS IN THE ISOLATED 
RAT HEART

Drug
Drug

concentration
(M)

% inhibition of 
noradrenaline 

uptake
Drug ID50

(M)
Desipramine 1 x io- 9 43-5
Desipramine 1 x 1 0 - 7 810 1-3 x  10-£
Desipramine 1 x  1 0 - 6 92-5
Imipramine 1 x  1 0 - 7 45-5 9 0 x  10' 8Imipramine 1 x  1 0 - 6 75-0
Bisdesipramine 1 x  1 0 - 7 37-0 — .
Reserpine 1 x 1 0 -° 73-0 —
Chlorpromazine . . I x  10- 5 88-5 — .
Cocaine 1 x 1 0 - 7 25-0
Cocaine 1 x  1 0 - 8 680
Cocaine 1 X 10- 5 95-0
Guanethidine 2 X 10- 8 41-0 3-3 X IO" 8Guanethidine 2  x 10~6 78-5
Bretylium 2  x  1 0 - 6 1 0 0 1-4 X 10- 5Bretylium 2  x  1 0 -B 600
A dren erg ic  b lo c k in g  ag en ts  
Phenoxybenzamine 1 x  1 0 - 5 91-5DCI ................................... 2  x  1 0 - 8 50-5
Pronethalol 5 X IO" 8 360Phentolamine 1 x  1 0 - 5 660Dibenamine 1 x  1 0 - 6 34-0
M o n o a m in e  o x id a se  inh ib itors  
Tranylc^promine .. 1 x  1 0 - 6 880Harmine 1 x 1 0 - 6 79-5
Phenelzine 1 x  1 0 - 6 690Isocarbcxazide 1 x  1 0 " 5 14-5
Nialamide .. 1 x  1 0 - 5 3-5
Pargyline .. 1 x 1 0 - 6
Iproniazid .. 1 x 1 0 - 6 nil

T he results ob ta ined  w ith  21 drugs are presented in  T ab le 1. C ocaine and  
im ipram ine w ere very p oten t inhibitors o f  noradrenaline uptake. A s reported  
by Titus & Spiegel (1962) the m ono-A -m ethyl derivative o f  im ipram ine (desi- 
pram ine) is an even m ore poten t inhibitor o f  noradrenaline uptake than
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im ipram ine. D esipram ine is the m ost effective inhibitor o f  noradrenaline uptake  
so  far described, it is approxim ately 30 tim es m ore p oten t than cocaine, 7 tim es 
m ore than im ipram ine and 6 tim es m ore than (-)-m etaram inol (Iversen, 1964). 
T he prim ary am ine derivative o f  im ipram ine (bisdesipram ine) w as a lso  tested  
but this com p ou n d  proved  to be less effective than desipram ine.

T he uptake o f  noradrenaline in to  tissues is thought to  represent a  m ajor 
m echanism  in  the inactivation  o f  noradrenaline. D rugs w hich act as inhibitors 
o f  this inactivation  process shou ld  therefore have the property o f  potentiating  
the actions o f  noradrenaline on  the sm ooth  m uscle receptor sites in  sym pathetic
a lly  innervated tissues, since in  the absence o f  tissue uptake m ore noradrenaline  
will be m ade available to  interact w ith  such receptor sites. T his poten tiation  
w ill include the effects o f  noradrenaline released from  endogenous stores w ith in  
the tissues by nerve im pulses and  the effects o f  noradrenaline introduced  
exogen ou sly  to  the tissue. T hese potentiating effects are w ell know n in cocaine  
and have a lso been reported  in  other inhibitors o f  uptake such as guanethidine  
and phenoxybenzam ine (Stafford, 1963). T he poten t inhibitors o f  uptake, 
im ipram ine and desipram ine are a lso  particularly effective in  poten tiating  the  
actions o f  noradrenaline (Sigg, Soffer & G yerm ek, 1963). In  agreem ent w ith  
this hypothesis, the present findings that desipram ine is m ore poten t than im i
pram ine as an  inhibitor o f  noradrenaline uptake agree w ith  the pharm acological 
findings that desipram ine is m ore effective than im ipram ine in  poten tiating the 
actions o f  noradrenaline.

W ith  im ipram ine and desipram ine it is possib le that m any o f  their pharm aco
log ica l properties can be explained  by their ability  to  prevent the inactivation  
o f  noradrenaline by tissue uptake. H ow ever, this is n o t so  w ith  m ost o f  the  
other com pounds listed  in  T able 1. F o r  exam ple drugs w hose m ajor action  is 
thought to  be a b lockade o f  either a - or /3-adrenergic receptor sites were a lso  
fou n d  to  act as inhibitors o f  noradrenaline uptake. O f the five adrenergic 
block in g  agents tested  all had  som e activity as inhibitors o f  uptake. In contrast 
to  previous reports (H ertting & others, 1961; L indm ar & M uscholl, 1964) phentol- 
am ine and  dibenam ine were fou n d  to  act as inhibitors o f  uptake, though  these  
com pounds w ere on ly  w eakly active. In the present experim ents n o  correlation  
w as apparent betw een the ab ility  to  b lock  either a - or /3-receptors and  the  
ability  to  inhibit noradrenaline uptake, since b o th  a- and /3-blocking drugs 
were active as inhibitors o f  uptake. T hese results thus do n o t support the view  
that the inactivation  o f  noradrenaline b y  tissue uptake involves an  uptake or  
binding at either a - or /8-adrenergic receptors (K irpekar & C ervoni, 1963).

T he present findings em phasise the im portance o f  considering the possib ility  
that a drug w hich affects adrenergic m echanism s m ay w ell have m ultip le sites o f  
action . T his p o in t is a lso  w ell illustrated by the results obtained  w hen a  group  
o f  m onoam ine ox idase inhibitors w as tested . In  addition  to  the ability  to  
inhibit the enzym e m on oam in e oxidase, three o f  the seven drugs tested  possessed  
the ability  to  inh ib it noradrenaline uptake. Sim ilarly guanethidine and brety- 
lium  were active as inhibitors o f  noradrenaline uptake, though  it seem s unlikely  
that th is property can  account for the adrenergic b lockade produced by these  
com pounds. In  confirm ation o f  the findings o f  H ertting, A xelrod  &  Patrick
(1962) in vivo, bretylium  w as fou n d  to  be approxim ately ten  tim es less p oten t 
than  guanethidine in  inhibiting the uptake o f  noradrenaline.

B rodie & B eaven (1963) have proposed  that the depleting action  o f  reserpine  
on  the tissue stores o f  noradrenaline can  be explained  by the inh ib ition  o f  
noradrenaline uptake produced  by th is drug. T hey suggested  that reserpine 
inhibits an  active accum ulation  o f  noradrenaline in to  adrenergic nerves, and
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that in the absence of this uptake process the intracellular noradrenaline leaks 
out of the tissue by passive diffusional processes. The present results do not 
support this hypothesis, since there was no correlation between the ability to 
inhibit noradrenaline uptake and the ability to deplete the endogenous noradren
aline content of tissues among the compounds tested. Although reserpine and 
guanethidine are active as noradrenaline depleting agents and are also effective 
as inhibitors of uptake, there were several other equally potent inhibitors of 
noradrenaline uptake such as cocaine, imipramine and chlorpromazine, which 
are without effects on the levels of endogenous noradrenaline in tissues (Muscholl 
1961; Gey & Pletscher, 1961).
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U N I V E R S I T Y  O F  I B A D A N ,  

N I G E R I A

A pplications are invited fo r appo in tm en t to  the C hair o f Pharm acology. 
The departm en t gives courses o f  in struction  in basic pharm acology and 
:n clinical (A pplied) pharm acology and  therapeutics. Clinical facilities 
are available. Salary: £3,200 p .a. (m edically qualified) o r £3,000 p.a. 
inon-m edically qualified). A ppoin tm ent to  retiring  age, no rm ady  60 
years. Passages where applicable p a id  fo r appointee, wife and  up to  five 
children under 11 years, on  appoin tm ent, leave and term ination . F .S .S.U . 
C hildren’s and  car allowances. Part-fu rn ished  accom m odation  a t rent 
no t exceeding 7%  of salary. D etailed  applications (12 copies) nam ing 3 
referees by 18 Jan u ary  1965 to  Secretary, Senate C om m ittee on  H igher 
E ducation  Overseas, U niversity o f L ondon , Senate H ouse, L ondon, W .C .l, 
r'rom w hom  further particu lars m ay be obtained.

SOUTH AUSTRALIAN INSTITUTE OF TECHNOLOGY 
North Terrace, Adelaide

DEPARTMENT OF PHARMACY

Applications are invited for the following positions:—
LECTURER IN PHYSICAL CHEMISTRY or PHARMACEUTICS: Applicants should 

possess at least an honours degree in Physical Chemistry or in Pharmacy (majoring in Pharma
ceutics). A higher degree and teaching or industrial experience are desirable. The successful 
candidate will be required to conduct courses and to undertake research in the physico-chemical 
aspects of pharmaceutics and drug formulation.

LECTURER IN PHARMACOLOGY: Applicants should possess at least an honours 
degree in Pharmacology or in Pharmacy (majoring in Pharmacology); a higher degree is 
desirable. The successful candidate will be required to conduct courses in Pharmacology and 
to undertake research in the field concerned with the mode of drug action.

The following conditions apply:—
SALARY: The salary range for a lecturer is £A 1,800—£2,600 (8 x 100) and commencing 

salary will be determined according to qualifications and experience. Annual increments will 
oe subject to satisfactory service. (This salary scale is at present under review).

The appointees will be required to commence duty as soon as convenient.
Liberal annual leave, sick leave and long service leave are allowed and the appointees will 

be eligible to join the S.A. Superannuation Fund.
Assistance will be given with removal expenses.
Applications close with the Agent-General and Trade Commissioner for South Australia, 

South Australia House, 50 Strand, London, W.C.2 (from whom further particulars may be 
obtained) on 17th January, 1965.
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D R U G S :  a c t i o n s ,  

u s e s  &  d o s a g e

by H. S. Grainger, F.P.S., and F. Dudley Hart, F.R.C.P., M.D.
P resen ts  in concise summary form information about  the actions, 
uses, and dosage  of a representative selection of the drugs described 
in the British Pharmaceutical  Codex 1963. The monographs  are 
grouped under 38 main headings  according to their main pharma
cological properties and therapeut ic uses. The book is a handy 
pocket size, similar in format to the British National Formulary.

352 pages. Price 30s. 10d. post free.

The Pharmaceutical Press, 17 Bloomsbury Square, London, W.C.1

for B a c t e r i c i d e s  . . .

...ALWAYS SPECIFY

M orpan. Quaternaries. M orpan  C H SA  (C etrim ide B .P.) M orpan  ¡B.B. 
(Benzalkonium  B rom ide B.P.)
Collone. Quaternary Self-emulsifying Wax. C ollone Q .A. (C etrim ide 
Em ulsifying W ax— B.P.C .)
Amphionic and Ambiteric. Amphoterics and Betaines. Synergists for 
Q uaternary  and  Phenolic D isinfectants.
Texofor. Iodine Solubilising Agent. T exofor IS & ISU  for Jodophor 
M anufacture.
Exonics. Bactericidal Scrub Bases. Exonic OP2 fo r Surgical Scrub 
Form ulation .

G L O V ER S (C H E M IC A LS) LTD . 
W ortley Low M ills, Leeds 12 

T elephone 63-7847/8/9. Telegram s “ G lokem , Leeds”
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