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Solubilization o f griseofulvin by nonionic surfactants
P. H. ELWORTHY AND F. J. LIPSCOMB

Four nonionic surfactants, Me[CH2]15-[OCH2-CH2]xOH where x =  10, 22, 45 
and 60, and polyoxyethylene glycols 200, 400 and 1000 increased the solubility of 
griseofulvin over its value in water. Cetomacrogol micelles solubilize two molecules 
of griseofulvin per micelle. The site of solubilization seems likely to be the poly­
oxyethylene part of the micelles. The partial molal heats and entropies of solution 
decrease as surfactant or polyoxyethylene glycol concentration is increased.

SURFACTANTS may play an important role in the dissolution step 
of an insoluble drug, such as griseofulvin, before absorption (Bates, 

Gibaldi & Kanig, 1966). Bates, Lin & Gibaldi (1967) have shown that 
lysolecithin is capable of solubilizing large amounts of griseofulvin. 
To effect an increase in absorption of griseofulvin by the body by artificial 
means, solubilized systems, or admixtures of detergent and drug, might 
be effective. Some nonionic detergents have been examined, as in 
general these are the least toxic of detergents.

Experimental
The materials used were commercial detergents based on hexadecanol 

with varying numbers of ethylene oxide units (abbr. to HEX) e.g. 
Me[CH2]1 5 [OCH2 CH2]xOH, where x =  10, 22, 45 and 60 (Glovers 
Chemicals). The material with x =  22 is Cetomacrogol B.P. The 
detergent P40 (Shell) or Triton X100, Me3C-CH2-CMe2-C6 H4 [OCH2- 
CH2 ]10-OH(OE10) was used, and for comparative purposes, polyoxy­
ethylene glycols (PG) 200, 400 and 1000. Deionization of these com­
pounds did not affect the solubility results. The ethylene oxide content 
of the detergents was checked using the method of Siggia, Stark & others
(1958). Apart from the nominal HE45 and HE60, which contained 38 
and 50 ethylene oxide units respectively, the detergents had the compo­
sition stated above.

Solubilities were determined by the method of Elworthy & Lipscomb
(1968), and measurements were made at different temperatures to 
evaluate the partial molal heats (AH) and entropies (AS) of solution. 
The concentrations of the saturated solutions were determined by 
suitably diluting the solution to give a final concentration of 50% v /v  
ethanol; calibration curves were prepared in the same solvent, arranged 
to contain the same amount of detergent as present after dilution of the 
saturated solution.

The maximum wavelength of absorption was determined in the various 
“solvents” used giving the following results for Araax (in m¿¿): water 296, 
HEX detergents and polyoxyethylene glycols 295, OE10 294, benzene 291, 
heptane 287.

Viscosities of detergent solutions relative to water were measured at 
25° in an Ostwald capillary viscometer.

From the Department of Pharmaceutical Technology, University of Strathclyde, 
Glasgow, C.l, Scotland.
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Results and discussion
The results of the solubility determinations are given in Table 1, 

expressed as moles griseofulvin dissolved in 1 0 0 0  g solution i.e., molality, 
counting the detergent or polyoxyethylene glycol as part of the solvent.

With the detergent HE10, cloudy solutions were formed at concentra­
tions below 4%, and erratic results were obtained. In view of this 
experimental difficulty, the two results given in Table 1 for this detergent 
are considered approximate. Fig. 1 shows that solubilization in the 
detergent solutions increases linearly with detergent concentration. 
When the detergents are compared on a percentage basis (i.e., Table 1) 
the compounds containing the shortest polyoxyethylene chains appear 
to solubilize the largest amount of griseofulvin. However, when equi­
molar concentrations are compared (Fig. 1) the detergents containing 
the longest polyoxyethylene chains have greatest solubilizing power, 
solubilization decreasing with decreasing polyoxyethylene chain length.
TABLE 1. SOLUBILITY OF GRISEOFULVIN IN SOLUTIONS OF NONIONIC SURFACTANTS 

AND POLYOXYETHYLENE GLYCOLS

P. H. EL WORTHY AND F. J. LIPSCOMB

Concentration % w /v

Solubility (m olality x  105) at

15° 25° 35° 45°

Cetomacrogol
0-007 2-04 2-8, 3'95 6-3,
0-997 16-9 17-9 21-9 26-4
5-500 92-6 97-, 107-1 116-,

15-01 245-8 257-, 285-, 344-«

OE,„
0-30 7-2 8-34 11-3
1 005 20-, 24-4 29-,
5-019 97-, 107-x 132-,

10-02 196-, 210-, 262-2
19-74 363 413 509-4 655

H E „
7-45 128

11-88 203

0-997 13-0
5-003 56-,

15-011 169-4

0-999 12-5
5-007 50-5

15-012 155-j

PG200
18-35 10-0 10-3 19-4 33-8
19-71 — 12-0 18-6 33-0
45-90 42-7 6I 3 103-s 193-a
75-21 293 398 567 831

112-8 1737 2028 2531 3021

PG400
11-15 5-7
21-35 12-0
33-69 25-6 30-3 73-5 110-5
63-87 228 248 409 782
86-18 923 1104 1516 2445

112-9 2880 3206 3852 4386

PG1000
8-40 4-8

14-80 7-1
24-25 15-7
36-64 35-6
69-98 414
82-79 1170
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SOLUBILIZATION OF GRISEOFULVIN BY NONIONIC SURFACTANTS

M o le s  s u r fa c ta n t l i t r e -1

F ig . 1. Solubilization o f griseofulvin by various nonionic surfactants.

But the detergents solubilize far more griseofulvin than polyoxyethylene 
glycol mixtures of equal concentration.

The ratios of mole detergent/mole griseofulvin solubilized calculated 
at 1 0 % w /v  detergent concentrations are:

Detergent OE10 HE10 HE22 HE38 HE50

Molar ratio 74 (85) 49 46 40

As the critical micelle concentrations ( c m c ) of these detergents are very 
low, e.g., 0-007% for cetomacrogol (Elworthy, 1960a), the solubility of 
griseofulvin in water has been subtracted from the total solubility in the 
detergent solution, in calculating the ratio. Use of the solubility at the 
CMC would have been strictly correct, but the error introduced by using 
the solubility in water is small, as the CMC values are so low, and the 
detergent concentration high.

It can be seen that the larger the polyoxyethylene chain, the greater 
is the amount of solubilization per mole of detergent. Because of the 
experimental difficulties, the molar ratio for HE10 is approximate.

The micelle of the OE10 compound has been shown to contain 140 
detergent monomers (Kushner & Hubbard, 1954), while that of ceto­
macrogol contains 83 monomers (Elworthy, 1960b). For these deter­
gents, roughly two griseofulvin molecules are solubilized per micelle. 
Micelle sizes for the HE38 and HE50 compounds are not known.

The solubilization of griseofulvin by detergent and polyoxyethylene 
glycol solutions increased with temperature; Fig. 2 gives the solubilities 
at different temperatures in cetomacrogol solution.

The solubility o f griseofulvin is increased by polyoxyethylene glycols. 
Fig. 3 shows the relation between log molality of griseofulvin, and % 
w /w  of polyoxyethylene glycol. Between 20 and 70% w /w , the graph 
is linear, and there appears to be very little difference between the
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P. H. ELWORTHY AND F. J. LIPSCOMB

Cetomacrogol (% w/v)
Fig. 2. Effect of temperature on the solubilization of griseofulvin in cetomacrogol 
solutions.

.E “I V
D
'o -2Q)
M -3

5  -U o 
E
M _5
° 0 20 AO 60 80 100

Polyoxyethylene glycol (% w/v)
Fig. 3. Solubility of griseofulvin (log molality) in various polyoxyethylene glycol- 
water mixtures. O = PG200. x =  PG400. •  =  PG1000.

behaviour of griseofulvin in PG200, 400, or 1000. That the polyoxy­
ethylene glycols increase the solubility of griseofulvin in water, and the 
length of the polyoxyethylene chain also affects solubility, may indicate 
that solubilization takes place in the polyoxyethylene-water layer of the 
micelles.

It has been shown (Elworthy, 1960b), that cetomacrogol forms spher­
ical micelles, which are hydrated with 1-96 g water/g detergent. Similar 
conclusions on sphericity have been reached by Kushner & Hubbard 
(1954) for the OE10 compound, and from their viscosity results a hydration 
of T26 g water/g detergent can be calculated from

[17] =  2-5 (v +  w v ,0)

where fy] is the intrinsic viscosity, obtained by plotting the specific
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SOLUBILIZATION OF GRISEOFULVIN BY NONIONIC SURFACTANTS 

viscosity divided by the concentration against concentration, where

h i  -  ( ’f  )  c _  0

v is the specific volume of detergent, w is the hydration, and vx° is the 
specific volume of water. Elworthy & Macfarlane (1963) have shown 
that micelles formed by monohexadecyl polyoxyethylene ethers were 
spherical when the numbers o f ethylene oxide units present in the chain 
exceeded nine. It seems a reasonable assumption that the micelles of 
HE38 and HE60 are also spherical. Hence the measured viscosities are 
plotted in Fig. 4 giving intercept of 8-7 and 9-4 respectively, and the 
corresponding hydrations are 2-6 and 2-9 g/w ater/g detergent respec­
tively.

Fig. 4. Graph of V*p against concentration (g m f1) for HE38 and HE50. 
c

An attempt was made to calculate the solubility of griseofulvin in the 
micelles from the data on its solubility in polyoxyethylene glycols. In 1 g 
of cetomacrogol, which is associated with 1 -96 g water, there is present
0-814 g glycol; thus we can consider the polyoxyethylene glycol-water 
part of the micelle as a 29-3% w /w  solution. The solubility of griseo­
fulvin in a solution of this concentration is 26 x  10~ 5 molal (Fig. 3) and 
1 g of glycol is thus associated with 0-09 x  10- 5  mole of griseofulvin. 
1 g of cetomacrogol therefore has 0-07 X 10- 5  mole griseofulvin 
theoretically solubilized in its glycol-water complex. From the solubility 
data, 1 g of cetomacrogol in a 10% w /v  solution solubilized 1-7 X 10- 5  

mole of griseofulvin. Therefore about 25 times more griseofulvin is 
actually solubilized than can be accounted for on the basis of the calcula­
tion. The same picture emerges for the other detergents. For OE10 the 
practical value at 10% w /v detergent concentration is 2-1 X 10- 5  m ole/g  
detergent (0-07 x  10“5), for HE38 IT X 10 - 5 m ole/g detergent (0-07 X 
10-5), for HE60 1-0 X 10- 5  m ole/g detergent (0-07 X 10-5). The 
theoretical figures are in brackets.

For the cetyl chain-containing compounds, calculations of the solubility 
of griseofulvin in the hydrocarbon core, based on the solubility in pure 
heptane, give values 103—104 times too small. For OE10, solubility 
data in an alkyl-aryl chain hydrocarbon resembling the hydrophobic
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P. H. EL WORTHY AND F. J. LIPSCOMB

moiety of this detergent are not available, but even using the solubility 
data in benzene, a figure of 50% of the observed solubility is obtained; 
it must be borne in mind that the hydrocarbon chain of the OE10 com­
pound contains only about 40% o f the phenyl group, so that the solubility 
of griseofulvin in it would be expected to be less than that in benzene, 
thus giving an even lower calculated solubility.

The above calculations have been based on the assumptions: (1) 
That the size and hydration of the micelles are unaltered when the 
solubilizate is present. (2) That the solubility in bulk polyoxyethylene 
glycol-water mixtures, and in bulk hydrocarbon liquids can be used to 
calculate the solubility in the micelles. (3) That the polyoxyethylene- 
water layer is homogeneous from the surface of the hydrocarbon core 
to the micelle surface.

As there is only a small amount of solubilization, the first assumption 
is probably reasonable. The assumption on using bulk solubility in 
hydrocarbons for the purposes of calculation is perhaps not important, 
at least for the aliphatic hydrocarbon chain detergents, as the calculated 
solubilities are 103-10 4 times too low. The third assumption, and part 
of the second relating to polyoxyethylene glycol-water mixtures require 
further examination. Schick (1963), has shown that in nonionic 
detergent micelles, the polyoxyethylene chain is arranged in an expanding 
spiral, i.e., a cone shape, with the narrower end of the cone at the surface 
of the hydrocarbon core. Macfarlane’s work (1963) gave a similar idea, 
and molecular models showed that while there was plenty of room for 
hydrating water in the outer parts of the micelles, there was virtually no 
space for it close to the surface of the hydrocarbon core, due to crowding 
of the polyoxyethylene chain.

This region, adjacent to the hydrocarbon region, seems the most likely 
site for the griseofulvin within the micelles, as it is largely purely polyoxy­
ethylene (rather than polyoxyethylene-water) in nature, and the solubility 
of griseofulvin in pure polyoxyethylene glycols is quite large. (Un­
fortunately, no calculation of theoretical solubility can be made, as the 
volume of the purely polyoxyethylene glycol region is unknown.) Also, 
the Amax values are quite close in the detergents and polyoxyethylene 
glycol solution (probably reflecting a somewhat similar environment), 
and different from those in heptane and benzene.

The thermodynamics of solubilization also indicate a similarity between 
the behaviour of griseofulvin in polyoxyethylene glycol-water mixtures, 
and in the detergents, and a distinct difference from the behaviour in 
water and hydrocarbons. The probable site of solubilization seems to 
be in the polyoxyethylene-water layer of the micelles, with the possibility 
of it being close to the hydrocarbon-polyoxyethylene boundary.

THERMODYNAMICS OF SOLUBILIZATION

Partial molal heats and entropies calculated as before (Elworthy & 
Lipscomb, 1968) are listed in Table 2. The “solvent” here is the deter­
gent solution, so the thermodynamic properties relate to the change from 
the crystalline state to a very large amount of saturated solution.
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SOLUBILIZATION OF GRISEOFULVIN BY NONIONIC SURFACTANTS
TABLE 2. THERMODYNAMIC PROPERTIES FOR SOLUTION OF GRISEOFULVIN IN NON­

IONIC DETERGENT AND POLYOXYETHYLENE GLYCOL SOLUTIONS* (%  w /v )

Temperature

20° 30° 40°

Water AH 5-1 6-5 10-0
AS 17 21 32

Cetomacrogol 1% AH 1-2 2-5 3-5
AS 4 1 8-3 11

Cetomacrogol 5% AH 12 1-7 2-1
AS 4 1 5-6 6-7

Cetomacrogol 10% AH 1-2 1-5 1-7
AS 4 1 5-0 5-4

Cetomacrogol 15% AH 12 1-5 1-6
AS 4-1 5-0 5-1

PG200 34% AH 6-5 9-5 10-7
AS 22 31 34

PG200 54% AH 6-0 8-4 9-3
AS 21 27 30

PG200 75% AH 5-3 7-6 8-5
AS 18 25 27

PG200 112-8% AH 31 3-6 3-8
AS 11 12 12

o e m 1% AH 2-2 4-2 __

AS 7-5 14 —

OE10 5% AH 1 4 3-2 ___

AS 4-8 11 —

OE,„ 10% AH 1-4 3-6 —

AS 4-8 12 —

OE10 15% AH 1-3 3-7 ___

AS 4-4 12 —

PG400 34% AH 6-4 11-3 14-5
AS 22 37 46

PG400 54% AH 4-6 9-2 12-6
AS 16 30 40

PG400 75% AH 3-0 6-8 10-8
AS 10-3 22 35

PG400 112-9% AH 2-3 2-8 31
AS 7-9 9-3 9-9

A H  in kcal m ole-1, AS in cal m ole- 1deg-1.
* Solubilities used for calculation o f  the thermodynamic properties were obtained from smoothed curves 

o f  solubility against concentration for surfactants, and log solubility against concentration for poly­
oxyethylene glycols.

As either detergent or polyoxyethylene glycol concentration is increased 
the thermodynamic properties decrease, e.g., AH and AS become less 
positive. In 15% cetomacrogol and pure PG400, at 20°, AH is 1-2 and
2-3 kcal mole-1, and AS is 4-1 and 7-9 cal mole“ 1 deg- 1  respectively. 
These figures are less than half the value obtained in pure water. 
Inspection of Table 2 reveals some correspondence of the thermodynamic 
values obtained in detergent solutions and in concentrated polyoxyethylene 
glycols, which indicates the possibility that griseofulvin is held in a 
polyoxyethylene glycol environment when solubilized in the micelle. 
These figures cannot be expected to correspond exactly because of the 
difference in the types of solutions being compared. Above 10% ceto­
macrogol and OE10 concentrations, AH lies in the regions 1-2 kcal mole- 1
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and AS 4-5 cal mole- 1  deg-1, which corresponds moderately well with 
figures obtained at high polyoxyethylene glycol concentrations, AH,
2-3 kcal mole-1, AS, 8-11 cal/mole - 1  deg- 1  (values at 20°). In the 
less concentrated polyoxyethylene glycol solutions the thermodynamic 
properties are fairly close to those obtained in water.

Considering concentrated detergent solutions and pure polyoxyethylene 
glycols, the lower entropies obtained suggest that the griseofulvin is in 
a more ordered state than when dissolved in pure water, possibly due to 
its association with the glycol or detergent. AH is also lower than in 
water, and as the heat required to break up the crystal will be the same 
for dissolution in water as in a detergent or polyoxyethylene glycol 
solution, either the heat of dilution differs from that in water, or an 
interaction between griseofulvin and its polyoxyethylene “environment” 
accounts for the different heat changes. AH is also less temperature- 
dependent in concentrated detergent solutions and in pure polyoxyethylene 
glycols than in water. This again may reflect the “environment”, as 
water structuring breaks down with temperature increase (see Elworthy 
& Lipscomb, 1968), while the polyoxyethylene “environment” of micelles 
will be maintained.

A ck n o w le d g e m e n t. We thank Glaxo Research Limited for a grant to
F.J.L., and for the gift of griseofulvin.
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A note on the stability o f emulsions at high dilution
E. SHOTTON AND S. S. DAVIS*

The behaviour of liquid paraffin-potassium laurate emulsions has been investigated 
at high dilution using the Coulter Counter, microelectrophoresis, and centrifugation. 
The results show that the state of the oil-water interface is dependent on emulsifier 
concentration below and above the critical micelle concentration.

AN  investigation has recently been made to examine the effect of 
emulsifier concentration on the rheology and physical properties of 

emulsions of liquid paraffin stabilized by potassium laurate (Shotton & 
Davis, 1967, 1968a). Further experiments are now described in which the 
emulsions have been subjected to high dilution. The behaviour of the 
diluted droplets was found to depend on the emulsifier concentration in the 
original emulsion.

Experimental and results
Materials and formulation details have been given elsewhere (Shotton & 

Davis, 1968a). In addition to the emulsions described therein, emulsions 
containing 0, and 0-25% of potassium laurate as emulsifier at volume 
fractions of 0 T 1 and 0-43 were also prepared and the more stable fraction 
that remained after 6  hr creaming was used in the experiments. The effect 
of diluting the emulsions was examined by the three methods below.

(1) T he C o u lte r  C o u n ter. Emulsions, of volume fraction 0T1 at potas­
sium laurate concentrations of 0, 0-25,0-5, TO, 5 and 10% w/w were diluted 
1:5 x  1 0 5 by a two-step dilution using normal saline and examined using a 
Coulter Counter model A (industrial) with a 30 /x orifice tube (Shotton & 
Davis, 1968b). The change in the total number of particles greater than 
0-9 /jl with time was then followed (Fig. 1). Those systems originally 
containing soap concentrations above the critical micelle concentration 
( c m c ) in the region of 0-5% (Cockbain & McRoberts, 1953) show a small 
drop in cumulative count in 45 min whilst for concentrations below the 
c m c  the fall in count is great. At all soap concentrations the fall in count 
depended on the soap concentration in the original emulsion. Counting 
the particles at 7 ¡x demonstrated a slight gain in particle number. Micro­
scopic examination of the diluted emulsion showed the absence of aggre­
gates and it is concluded that the count loss at >  0-9 /x level is due to 
coalescence, rather than to the aggregation phenomenon described by 
Groves (1966) for emulsions stabilized by a soap-amphiphile complex. The 
particles had a mean volume diameter in the region of A ¡jl which from 
Stoke’s Law gives a creaming distance of about 0-25 cm in 45 min. Any 
effects due to creaming were minimized by stirring the counting dilution; 
the same arbitrary stirring speed was used throughout so that the effect 
of stirring on coalescence was kept constant. The slight increase in

From the Department of Pharmaceutics, The School of Pharmacy, University of 
London, 29/39 Brunswick Square, London, W.C.l, England.

* This work formed part of a thesis accepted for the degree of Ph.D. in the Univer­
sity of London.
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particle count (Fig. 1) for 10% soap may be accounted for by coalescence of 
particles below the sizing limits of the apparatus.

E. SHOTTON AND S. S. DAVIS

F ig . 1. The loss of count with time on the Coulter Counter for particles greater than 
0-9 n and its dependence on the soap concentration in the original emulsion. Con­
centration of soap % w/w. A  0 0; ■ 0-25; #  0-5; X 10; ▼ 5-0; O 10 0.

It is concluded that coalescence and hence the strength of the interfacial 
film depends on the concentration of emulsifier in the original emulsion.

(2) M ic ro e le c tro p h o re s is . Emulsions, of volume fraction 01 1 , were 
diluted 1:1 X 104 with distilled water and examined in a cylindrical micro­
electrophoresis cell similar to that described by Bangham, Heard & 
others (1958). Mobility measurements were made at different depths 
in the cell and the mobility at the stationary level (zero electro-osmotic 
flow) determined. The charge on the particles (zeta potential) depended 
on the emulsifier concentration in the original emulsion (Fig. 2). The 
quantity o f surfactant that reached the final dilution, although small, may 
have had some effect. Measurements were therefore repeated using 
different dilutions, i.e. different quantitites of surfactant in the final 
dilution, but the mobilities were unaffected.

(3) W ash in g  o f  em u lsion s. The method used was that of repeated 
centrifugation and removal of the aqueous phase (Shotton & Wibberley,
1960). A convenient volume of emulsion was diluted to twice its volume 
with water and centrifuged in an M.S.E. refrigerated centrifuge at 6000 
rev/min for 30 min. The separated aqueous phase was carefully removed 
and replaced by a similar volume of water and the emulsion remixed. The 
process was repeated three times. The volume of separated oil was then
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Fig. 2. The change in zeta potential of liquid paraffin-potassium laurate emulsions 
dispersed in distilled water with the soap concentration in the original emulsion.

measured and was found to depend on the soap concentration in the original 
emulsion (Fig 3). The amount of oil separating with decrease in emulsifier 
concentration above the c m c  was much less than that separating below it.

Finally, the original emulsions were sized using the Coulter Counter and 
stored for 6  months when they were sized again. Table 1 shows that the 
emulsion coalesced to a small extent when the emulsifier concentration was 
above the c m c . Below the C M C  the emulsion was unstable.

TABLE 1. THE EFFECT OF STORAGE ON THE PARTICLE SIZE DISTRIBUTION AND SPECIFIC 
SURFACE AREA OF POTASSIUM LAURATE/l IQUID PARAFFIN EMULSIONS.
(l o g  n o r m a l  d i s t r i b u t i o n )  Volume fraction =  0-43.

Soap Mean volume Standard Specific surface
concentration diameter deviation area

% w/w [A a cm2 g-1
4 days

10-0 2 09 2 0 7 2 02 x  104
5 0 2-62 2 1 6 1-62 x  104
2-5 3-41 200 1-28 x  104
10 4-26 2-27 8-83 x  103
0 7 5 4-17 2-23 8-89 x  10s
0-50 5-31 2-18 7-16 x  103
0-25 ± ± 1 0 ±1=2-2 =2=3-6 x  103

6 months

100 2-30 2-20 1 *61 x  104
5 0 2-76 2-26 1-37 x 104
2-5 3-23 2-20 1-19 x  104
1-0 4-26 2-21 9-27 x  10s
0-75 4-24 2-11 8-75 x  103
0-50 5-67 2-19 6-67 x 103
0-25 00
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Discussion
The results from the Coulter Counter and centrifugation show that the 

emulsion droplets retain some or all of their original interfacial film on 
dilution. The strength of the film (resistance to coalescence) depends on 
the potassium laurate concentration in the original emulsion for concentra­
tions above and below the c m c . In both cases a discontinuity is found at 
the c m c . The decrease in stability with concentration below the c m c  is 
greater than that above it. The microelectrophoresis results show that the 
charge on the droplet, and hence the amount of surfactant that remains 
adsorbed on dilution, depends on the emulsifier concentration in the 
undiluted emulsion. In this case a discontinuity was found at 1-0% soap.

King (1941) was one of the first to suggest that the emulsifier concentra­
tion was a quantitative source of interfacial film strength, and Osipow, 
Birsan & Snell (1957) derived an equation relating the logarithm of emulsion 
stability to the root of the ratio of the emulsifier concentration to the c m c .

Void & Groot (1962) and Rehfeld (1962) found that the stability of 
sodium dodecyl sulphate emulsions to ultracentrifugation (without 
dilution) increased with increasing soap concentration up to the CMC. The 
latter author further found that the amount o f oil separating was linearly 
related to the log of the soap concentration with a discontinuity at the 
c m c . A similar relation has been found in the present work (Fig. 3).

E. SHOTTON AND S. S. DAVIS

C o n c e n tr a t io n  o f  soap (%  w /w )

F ig . 3. The effect o f the soap concentration in the original emulsion on the stability 
to dilution and centrifugation o f  potassium laurate-liquid paraffin emulsions.

However, both Void & Groot and Rehfeld stated that the stability of the 
emulsions above the c m c  was independent of emulsifier concentration 
through it is interesting to note that in a later paper, Void & Groot (1964), 
when commenting on their earlier publication, have changed “indepen­
dent” to “only slightly affected” .
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In comparison, Cockbain & McRoberts (1953) found that the stability 
to coalescence of soap stabilized droplets was at a maximum at concentra­
tions above the cmc. These concentrations were close to those where 
aggregation of the emulsions occurred due to polymolecular adsorption of 
soap molecules (Cockbain, 1952). Aggregation of potassium laurate- 
liquid paraffin emulsions is known to commence in the region of 1 -0 % 
soap (Cockbain, 1952; Shotton & Davis, 1967, 1968a). We found that 
a discontinuity in the zeta potential concentration plot (Fig. 2) also 
occurred in this region.

Both Rehfeld (1962) and Void & Groot (1962) concluded that the pack­
ing o f surfactant molecules at the oil-water interface reached a maximum at 
the c m c . The results from the present work show that the state of the 
interface is markedly dependent on emulsifier concentration below the 
CMC and that emulsions containing less than 0-5% potassium laurate break 
down completely on storage. The state of the interface above the CMC 
is influenced by soap concentration but to a lesser extent. This may be 
due either to closer packing of the molecules and/or the adsorption of 
polymolecular layers although it is doubtful that such layers would be 
retained on dilution.

Closer packing may result from the reduction of charge on adjoining 
molecules due to an increased counter ion concentration (Powell & 
Alexander, 1952). Void & Groot (1964) have found that the adsorption 
of soap at the o/w interface increases directly with the log of the total 
concentration of counter ion.

The nature of both the emulsifier and disperse phase may well be 
important. The chemical nature of the disperse phase is known to have an 
influence on the stability of an emulsion (Davis, 1967) and Rehfeld (1967) 
has found that layers of sodium dodecyl sulphate adsorbed at the un­
saturated hydrocarbon interface were much more expanded than at the 
saturated hydrocarbon interface. Further work may show whether the 
retention of surfactant at the interface is restricted to systems where the 
disperse phase and lipophilic groups of the surfactant are similar struc­
turally, as is the case in the present work.
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The solubility o f sulphadiazine in water-dimethyl- 
formamide mixtures
P. H. ELWORTHY AND H. E. C. WORTHINGTON

Precise measurements of the solubility of sulphadiazine in water, dimethylformamide 
(dmf), and a range of mixtures of these solvents have been made at 20°, 30°, and 40°. 
The solubility of sulphadiazine in the mixtures increases with their dmf content. The 
partial molar heats and entropies of solution decrease with increasing dmf concentra­
tion.

T HE influence o f particle size on the efficiency o f absorption o f certain 
drugs has been described in many publications. The uptake of 

sulphadiazine has been shown to be dependent on its particle size (Rhein- 
hold, Phillips & Flippen, 1945). This drug was therefore considered 
suitable for investigations on methods capable of producing drugs in fine 
particle form.

The production of small sized crystals of various drugs, by a continuous 
process involving pumping a solution of the drug into a second miscible 
liquid in which the drug is insoluble, is being investigated. To study the 
fundamentals of this process of precipitation it was necessary to determine 
precise solubilities of the drug. These are reported here for the system 
sulphadiazine-water-dimethylformamide ( d m f ).

Experimental
MATERIALS

Sulphadiazine (B.P. quality) was twice recrystallized from an ethanol- 
d m f  mixture (3:1 by volume) and dried over phosphorus pentoxide. M.p. 
255° (Roblin, Williams & others, 1940, give 255-6°). Assay by the Pharma- 
copoeial method gave 1 0 0 -0 % purity calculated with reference to the 
material dried at 105°. Dimethylformamide (May & Baker Ltd.) was 
distilled under reduced pressure and gave n° 5 =  1-4283 (n®5 =  1-4294 
Dawson, Golben & others, 1952 and n° 5 =  1-4269 Ruhoff & Reid, 1937).

SOLUBILITY DETERMINATIONS

Solvent mixtures were prepared by weight. Solutions were presaturated 
by shaking with powdered sulphadiazine for 24 hr, and transferred to the 
solubility apparatus, which was o f the percolation type, and a modification 
of that used by Davies & Griffiths (1953). The percolator was thermo- 
stated at the required temperature ±0-05°. The solution was recycled in 
the apparatus until saturated (in general 7-14 days). Use of porosity 5/3 
sintered glass filters gave the same results as porosity 4 filters.

The concentration of sulphadiazine in solution was determined by one of  
three methods: (a) concentration greater than 1-5%, by evaporation of 
solvent and drying to constant weight; (b) concentration 0-02 to 1-5%, 
samples were diluted to give a 70% d m f  solvent mixture and assayed

From Department of Pharmaceutical Technology, University of Strathclyde, 
Glasgow, C.l, Scotland.
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spectrophotometrically measuring the extinction at 270 m/z; (c) concentra­
tion less than 0 -0 2 %, samples were diluted with water and assayed as in (b). 
In all spectrophotometric assays suitable calibration lines were prepared. 
Each solubility determination was duplicated and each solution assayed in 
duplicate.

Zimmerman (1952) emphasizes the need to verify the stability of the 
system during the equilibration period. There is evidence that d m f  is stable 
under the experimental conditions used (Lang, 1960). There are no 
published quantitative studies on the stability o f sulphadiazine solutions. 
Each solubility apparatus was painted black to protect the solutions from 
light. N o change was detected in the ultraviolet absorption curve of 
sulphadiazine in water and 50% d m f  water solutions when the solutions 
were heated at 40° for 14 days. The pH o f all solutions lay in the range 5 
to 6  and any difference in solubility over the pH range was within experi­
mental error.

D e n s ity . The density o f solutions was determined in a 10 ml pycno­
meter.

Results and discussion
Fig. 1 shows that the solubility o f sulphadiazine increases in a non-linear 

manner as the d m f  concentration is increased. The solubility behaviour

SOLUBILITY OF SULPHADIAZINE

Fig . 1. Solubilities o f sulphadiazine in water-DMF mixtures. Insert: solubilities at 
low dmf concentrations. O----- O 20°, □ -------□  30°, x ------x 40°.
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T A B L E  1. THE SOLUBILITY OF SULPHADIAZINE IN WATER—DMF MIXTURES

P. H. EL WORTHY AND H. E. C. WORTHINGTON

%  w/w  
DMF in 

solvents

Sulphadiazine %  w /w saturated solution
M ole frac tion, N s, sulpha 

solution
diazine in

20° 30° 40° 20° 30° 40°

0-0 000454 0-00760 0-0129 3-27 x 10-6 5-47 x 10-6 9-29 x 10-6
0-5 000490 0-00828 0-0138 3-54 x 10-6 5-92 x 10-6 9-97 x 10-8
10 000520 0-00881 0-0147 3-78 x 10-6 6-39 x 10-6 1-07 x 10~5
20 0-00598 0-00987 0-0166 4-37 x  10~8 7-21 x 10-6 1-21 x  lO"5
3 0 0-00679 0-0111 0-0187 5-00 X 10-6 8-18 x 10-8 1-38 x lO"5
5 0 0-00861 0-0141 0-0233 6-44 x 10-« 1-06 x 10-5 1-74 x 10-5

100 0-0170 0-0252 0-0410 1-33 x 10-5 1-97 x 10-5 3-19 x 10-5
200 0-0395 0-0579 0-0968 3-35 x  10-5 4-87 x 10-5 8-21 x  10-5
3 00 0-0850 0-123 0-188 7-91 x 10-5 1-14 x 10-4 1-75 x 10-4
5 0 0 0-352 0-502 0-758 4-08 x 10-4 5-84 x 10-4 8-81 X lO"4
70-0 1-90 2-40 3-50 2-94 x 10-3 3-73 x 10-3 5-50 x 10-3
78-0 4-28 4-85 6-20 7-75 x 10-3 8-84 x 10-3 1 14 x lO"2
8 9 0 9-80 10-9 12-0 2-32 x  10-2 2-60 x 10-2 2-90 x 10-2

1000 18-0 18-7 19-4 6-02 x  10-2 6-29 x  10-2 6-57 x 10-2

appears to be complex. Liquid water is known to be highly structured due 
to the formation of intermolecular hydrogen bonds (Robinson & Stokes,
1959). There is also a substantial interaction between water and dmf 
which must affect the structuring of the former considerably. Evidence 
for the formation of hydrates of the form H C 0N M e2(H 20 ) n where n =  2 
to 4 is available (Blankenship & Clampitt, 1950; Geller, 1961). Either 
solvent component may interact with the sulphadiazine. The ability of a 
number of amides to increase the solubility of a third substance in water is 
well documented by Higuchi & Connors (1965), and these authors 
endeavour to relate solute-solvent-cosolvent interactions on a molecular 
basis to the total solubility.

Here we test the validity of equations for calculating solubilities, ns, 
from those in the pure solvents, nj and n|. The first method of calculation 
uses a simple mole fraction equation

ns =  nSNx +  n |N 2 (1)

where Nj and N 2 are the mole fractions of the two solvents.
A molar volume mixture rule in which

ns =  n i V  +  ns3V2*

N V N  V
can be used, where V ,*  =  and V j ,  =  (2 )

Vi and V2 being the molar volumes of the two components. Substitution of 
molar volumes by partial molar volumes in equation (2 ) gives a third 
method of calculation (Fleming, 1954). The densities used in the calcula­
tion of partial molar volumes are given in Table 2.

In  F ig . 2 the calculated  solu b ilities fro m  the equations given above are  
shown. T h ere is  a large divergence between the experim ental results and  
the calculated solu b ilities in d ica tin g  that the basis o f  ca lcu la tio n  o f  the 
so lu b ility  in  w ater-D M F m ixtures fro m  values fo r  the p u re separate solvents  
is not correct. T h e  a d d itio n  o f  dm f does not increase the so lu b ility  o f the 
su lp h ad ia zin e as m u ch  as m ight be expected fro m  the so lu b ility  in  p u re
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SOLUBILITY OF SULPHADIAZINE
TABLE 2. THE DENSITY OF WATER—DMF MIXTURES

%  w /w  
DMF

D ensity

<v° a ,» d 440

0000 0-9982 0-9957 0-9922
9-746 0-9978 0-9944 0-9902

19-591 0-9985 0-9941 0-9889
29-321 0-9996 0-9940 0-9879
49-978 0-9999 0-9922 0-9841
70-045 0-9911 0-9821 0-9728
78-929 0-9823 0-9731 0-9636
82-876 0-9773 0-9681 0-9586
89-322 0-9677 0-9583 0-9487
95-582 0-9570 0-9477 0-9381100-000 0-9490 0-9395 0-9299

M o le  fra c t io n  D M F ( N , )

F i g . 2. Calculated and experimental solubility curves for sulphadiazine in water-
dmf mixtures at 20°. O----- O experimental. □ ------□  calculated from equation 1.
X----- x equation 2. 0 ----- 0  equation 2 using partial molar volumes. See text.

dmf. This may well be due to the interaction of water and dmf. The 
complex (or complexes) formed between the two solvents has a poorer 
solvent power for sulphadiazine than the ideal case (mole fraction line in 
Fig. 2). It seems possible that a complicated series of equilibria between 
water and dmf are in operation, as well as possible associations between the 
complexed solvents and the solute.

THERMODYNAMICS OF SOLUBILITY
The Clausius-Clapeyron equation was used to calculate partial molar 

heats (AH) of solutions, and the partial molar entropies obtained from
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AS =  AH/T, since AG =  0 at the saturated, equilibrium condition. 
Activity coefficients have been neglected in these calculations, although 
error arising from this assumption may become significant in solutions 
containing a high proportion of dmf, where the solubility is substantial. 
The results are summarized in Table 3.

P. H. ELWORTHY AND H. E. C. WORTHINGTON

TABLE 3. THE PARTIAL MOLAR HEATS AND ENTROPIES OF SOLUTION, AH AND AS, FOR 
SULPHADIAZINE IN WATER—DMF MIXTURES

%  w/w DMF in 
solvent

AH k cal/mole AS cal/m ole degree

25° 35° 25° 35°

00 91 9-9 30-5 32-4
0-5 9-3 9-5 31-5 3 1 0
10 9-2 9 1 3 1 0 31-4
20 8-9 9-7 29-9 31-6
3 0 8-7 9-8 29-3 3 18
5 0 8-7 9-5 29-2 30-8

100 71 9 1 23-7 29-7
20-0 6-6 9-8 22-3 31-8
300 6-4 81 21-6 26-2
50-0 6-4 7-7 21-6 25-2
7 0 0 4-2 7-3 141 23-8
7 8 0 2-3 4-8 7-7 15-6
89-0 20 21 6-7 6-7

1000 0-75 0-82 2-5 2-7

The principal trends in the thermodynamic properties are the decrease of 
both AH and AS as the dmf content is increased and the slightly larger 
values obtained at 35° compared with 25°. The heat of solution will be 
made up of three main parts: the heat necessary to break the bonds in the 
crystal lattice AHf, the heat of dilution AHd and any heat changes arising 
from solvent-solute interactions. Since the heat change involved in 
disrupting the crystal lattice will be independent of dmf concentration, the 
decrease in AH seems likely to be due to changes in heat of dilution or heat 
of interaction with dmf concentration.

W a te r stru ctu rin g  aro u n d  su lp h ad ia zin e m olecules w ill p ro b a b ly  be 
replaced by hydrogen b o n d in g  between dmf and sulp h ad ia zin e as the 
con cen tration  o f the latter solvent is  increased fro m  zero. T h e  co n cu rre n t  
fo rm a tio n  o f DM F-w ater com plexes m ay lead to in tera ction  o f  the com p lex  
w ith the sulphadiazine. It  is  im p o ssib le  to decide, on the basis o f  the 
present data, w hether heat o f  d ilu tio n  effects, o r those due to heat o f  
interaction, o r both, are responsible fo r the decrease o f  A H  w ith  increase o f  
dmf concentration.

T h e  increase o f  AH w ith tem perature m ay represent reduced s o lu te -  
solvent and DM F-w ater in tera ction  at the h igh er tem perature.

The entropy changes (AS), as expected, imply a far greater disorder of 
sulphadiazine molecules in solution than in the crystal. Also, the more 
concentrated solutions, with respect to sulphadiazine, present at high dmf 
concentrations, represent a state closer to that in the crystal than the very 
dilute solutions present at high concentrations of water. Consequently AS 
for the high concentrations of water is high, while for solutions rich in dmf 
it is low.
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A note on the evaluation o f results from creep tests 
using a computer
S. S. DAVIS AND B. WARBURTON

The accuracy of line spectrum creep analysis depends ultimately on the accuracy 
with which the steady state compliance of the system with the longest retardation 
time can be derived. The presented treatment shows how the maximum theoretical 
value of the creep compliance may be calculated and describes an iterative method 
for obtaining the correct value using the least sum of squares.

T HE rheological examination of pharmaceutical semisolids by creep 
testing has been reported by Barry & Shotton (1967) and Warburton & 

Barry (1968). The method is simple and the results may be expressed in 
terms of fundamental rheological parameters. However, although the 
analysis of creep curves can be made graphically the procedure is lengthy 
and not suited to routine investigations. To overcome this, an automatic 
data logging system and analysis has been devised.

The apparatus used is that of Warburton & Barry (1968). The signal 
from a transducer bridge, which is a record of the change of strain with 
time, is attenuated and passed to both a Kent Chart recorder and a digital 
voltmeter with associated print out. The printer is triggered every 30 sec 
so that a record of the creep curve is available in graphical and digital 
forms the latter being punched onto tape for analysis by computer.

The computer analysis is dealt with in two parts.

(1) CREEP CURVE ANALYSIS
Most of the computer analysis is a straight mathematical interpretation 

of the graphical analysis of creep curves (Warburton & Barry, 1968). 
However, there are two steps requiring special consideration (the notation 
used is that of Warburton & Barry, 1968).

Step 1. The original creep curve. The essential part of this analysis is 
to find where the curve becomes linear. The approximate region for the 
onset of linearity can be deduced from the graph and the experiment 
allowed to proceed so that the linear region is greater than 25% of the total 
curve. The computer makes a linear regression on the last 20% of the 
points and the equation for the straight line is derived. Starting with the 
longest time, the strain at each time interval is generated from the regres­
sion equation and compared with the actual strain. The point for the 
onset of linearity is obtained when the difference between the two exceeds 
the maximum difference due to experimental error. The value of the 
intercept of the regression line on the strain axis leads to an approximate 
value for J(N), the total creep compliance at equilibrium.

Step 2. Voigt model analysis. To derive the parameters of the Voigt 
models that describe a viscoelastic system, a plot is made of the function 
In (J(N) — J(t))/J(N) [abbreviated to In (Zn)] against time where J(t) is

From the Department of Pharmaceutics, The School of Pharmacy, University of 
London, London, W.C.l, England.
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the total creep compliance at time t. As in step 1 the point where a curve 
becomes a straight line must be found so that the best straight line can be 
drawn through the points obtained at longer times. The first method of 
approach was to assume that the curve was linear over the last 20% of the 
points and then adopt a procedure similar to that in step 1. However the 
values of In (Zn) obtained at longer times are dependent on the accuracy of 
the data and the value chosen for J(N) so that in many cases the derived 
regression line is nowhere near the best straight line that can be drawn when 
the whole of the linear region is considered. The points that lie closest to a 
straight line are obtained immediately after the point where linearity 
commences. This region must be found before the regression line is 
calculated and this can be achieved by the method of second derivatives. 
Starting with time zero the gradient of the straight line through points 0-4 
is calculated, this is repeated with points 1-5 and so on until the whole 
curve has been followed. The 1st derivatives so obtained are then subjected 
to the same process to give the second derivative values. For a straight line 
the second derivative values should be zero. In practice, for the linear 
region, their values fluctuate from small negative to small positive, so by 
setting limits the extent of the linear region can be determined. The regres­
sion line is then calculated, and by comparing the actual value of In (Zn) 
with the calculated values, the point for the onset of linearity, found by the 
derivative method, can be checked. The analysis then follows directly that 
of Warburton & Barry (1968). Successive Voigt units may be analysed in a 
similar manner.

(2) THE CHOICE OF THE VALUE OF J(n)
The accuracy of the whole analysis depends on the best fit value of J(N). 

This is the equilibrium or steady state value as t approaches infinity and is 
not readily accessible. With computer facilities the best fit value for J(N) 
is obtained using an iterative procedure. The maximum theoretical value 
for J(N) can be found by considering the creep compliances at two times 
tj and t2 where t2 =  2tx and where the creep behaviour is due to the Voigt 
unit of longest retardation time only. Then for time tx

e_tl/r
J(N) -  J(b)

J(N) ......................... • (1)

and for time t2

e-t!/r
J(N) -  J(t2)

J(N) ......................... • (2)

where r  is the longest retardation time. Dividing (2) by (1)

J(N)
J(N)

J(̂  e-Vr 
- J ( t l )  ' ••

• (3)

But e_tl/r
J(N) -  J(tx)

J(n) ................... • (4)
(Warburton & Barry, 1968)
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where J(n) is the compliance due to the Voigt unit of longest retardation 
time

J(n) =
[J(N) -  Jit,)]2 
J(N) -  J(t2) (5)

J(n) =  xJ(N) where x is the antilog of the intercept of the J(N) — J(t)/J(N) 
versus t plot on the ordinate

J(N)2 — xJ(N)2 — 2J(N)J(t1) +  xJ(N)J(t2) +  J(ti)2 =  0 .. (6)

F ig . 1. The effect of the value of J(N) on the viscoelastic parameters of a 3 Voigt 
Unit System (Emulsifying Ointment B.P.). For notation see Warburton & Barry 
(1968). — O— (S); — X ; —A —. ^ ; —X—, r3; — J(n);
—# —, J(N) - J(n); — —, J(n3). Ordinates—left hand axes: the 1st represents X ; 
the 2nd represents tu t3 (min x 10), which are short and shortest retardation times, 
and also (S) =  sum of squares; the third represents Jn. The right hand axis repre­
sents J(n3), J(N)—J(n), these together with Jn are arbitrary units, one unit being 
equivalent to a compliance of 1T5 X 10~7 cm2 dyne-1. The right hand axis also 
represents r2 (min), which is the longest retardation time.
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As the equation is a quadratic, J(N) has a unique and maximum value when
‘B2 -  4AC =  O’

EVALUATION OF RESULTS FROM CREEP TESTS

i.e. x2J (t2)2 — 4J(t1)xJ(t2) +  4xJ(t1)2 =  0

i.e. when x == 0

4[J(t1)J(t2) - J ( t 1)2]
° rX J(t2)2

(7)

(8)

J(N )m ax  =  ‘-B /2 A ’

T / X T \  2 J ( t l )  -  J <'t 2 ) Xi.e. J(N)max — 2(1 _  x) ■ • • • • • ■ • (9)

J(N )m ax  can therefore be determined from the derived values of J(t). To 
find the best fit value of J(N) the approximate value obtained from the 
linear regression in step 1 is reduced by 10% and then increased progres­
sively to J(N)max. At each value of J(N) the full creep curve analysis is 
made and the creep equation for the system is derived. The compliance at 
each given time interval is then calculated and compared with the experi­
mental values (Barry & Shotton, 1967). The sum of the squares of the 
differences between the two is calculated (S) and the best fit value of J(N) 
is obtained where the sum of squares is a minimum.

The effect of the value of J(N) on the derived viscoelastic parameters for 
a 3 Voigt unit system is shown in Fig. 1. S has a well defined minimum 
value which can be easily found by this iterative process. It can be seen 
that the value of J(N) has a profound influence on all the viscoelastic 
parameters. The best fit value of J(N) is greater than the value found from 
Step 1 of the creep curve analysis but is less than the maximum value 
obtained from equation (9).

It is concluded that the use of computer methods will greatly facilitate 
creep curve analysis and that by using iterative methods accurate values are 
obtained for viscoelastic parameters.
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A high content (—)-deguelin concentrate from a 
commercial derris resin by steady-state distribution
E. BRIERLEY AND H. J. SMITH

The isolation of a high content (—)-deguelin concentrate from a commercial derris 
resin using steady-state distribution is described. The separation was followed by 
noting the change in ratio of extinctions at two wavelengths.

O F  the  six ro te n o id s  o c c u rr in g  in  D erris  sp. o n ly  o p tic a lly  ac tive  
degue lin  is n o t k n o w n  in  a pu re  o r  c ry s ta llin e  fo rm , a lth o u g h  the  

c ry s ta llin e  ( i )  fo rm  has been o b ta in e d  b y  tre a tin g  a crude  o p tic a lly  ac tive  
degue lin  concen tra te  w ith  a lk a li  (H a lle r  &  L a  F orge , 1934). A n  e a rly  
c la im  to  have iso la ted  o p tic a lly  ac tive  c ry s ta llin e  degue lin  fro m  the res in  
(T a ke i, M iy a jim a  &  O n o , 1933) was la te r a ttr ib u te d  to  is o la t io n  o f  ( ± ) -  
degue lin  c o n ta in in g  a sm a ll a m o u n t o f  ro tenone  respons ib le  fo r  the o p tica l 
a c t iv ity  (H a lle r  &  L a  Fo rge , 1934).

W e  describe the  is o la t io n  fro m  a co m m e rc ia l d e rris  res in  o f  a h ig h  
c o n te n t ( — )-degue lin  concen tra te  w h ich , a lth o u g h  n o t c ry s ta llin e  was 
hom ogeneous and su p e rio r in  degue lin  c o n te n t to  th a t o f  H a  le r &  L a  
F o rge  (1934).

Experimental
T he  p ro to n  n m r spectra  were de te rm ined  a t 60 megacycles o r  a V a r ia n  

A -6 0  spec trom ete r w ith  te tra m e th y ls ilan e  as in te rn a l s tandard . T he  lig h t 
p e tro le u m  used had  b .p . 60-80°.

STEADY-STATE DISTRIBUTION OF A COMMERCIAL DERRIS RESIN

A  co m m e rc ia l d e rr is  res in  (1-25 g), f ro m  w h ich  the  ro tenone  had  been 
rem oved  as its  ca rb o n  te tra c h lo r id e  so lva te , was d isso lved i r  benzene 
(25 m l)  and  an a liq u o t (0-5 m l)  o f  th is  s o lu tio n  was p laced in  ce ll (O ) o f  a 
Q u ic k fit  and  Q u a rtz  S teady-S tate D is t r ib u t io n  appara tus. D is tr ib u t io n  
was m ade us ing  b e n ze n e -lig h t p e tro le u m /a ce tic  a c id -w a te r (6 :1 4 , 1 3 :7 )  
m ix tu re s  as the  tw o  phases b y  a lte rna te  to p  ( T ; u p p e r phase) and  b o tto m  
( B ; lo w e r phase) transfe rs . A liq u o ts  (0-5 m l)  o f  the  res in  s o lu tio n  were 
in jec ted  in to  ce ll (0 ) a fte r each tra n s fe r and  the  d is tr ib u tio n  c o n tin u e d  
u n t i l  25 fra c tio n s  o f  each phase had  been co llec ted  fro m  the  ends o f  the  
tra in . A liq u o ts  (0 -05 -0  5 m l)  fr o m  the  u p p e r and  lo w e r phases were 
separa te ly  evapora ted  w ith  a s tream  o f  n itro g e n  and  the  residues d isso lved  
in  spectroscop ic  e th a n o l (95% , 10 m l). T he  e x tin c tio n s  o f  the  e th a n o lic  
so lu tio ns  w ere d e te rm ined  a t 237 and  272 m/x us ing  a U v isp e k  H 700  
spec tropho tom e te r.

T he  res in  used had  E (  1%, 1 cm ) 529 and  356 a t Amax 237 m/x and  Amax 
272 m/x respective ly . T he  a m o u n t o f  m a te ria l (m g) in  each fra c :io n  fro m  
the  d is tr ib u t io n  was ca lcu la ted  a t each w ave leng th  fro m  the  equa tion , 
100  X a X b /c , w here  a =  d i lu t io n  fa c to r fo r  a liq u o t taken , b  =  e x tin c ­
t io n  o f  the  a liq u o t in  10 m l o f  spectroscop ic  e th a n o l and  c =  E (  1%, 1 cm )
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Fig. 1. Steady-state distribution of derris resin using benzene-light petroleum/acetic 
acid-water solvent mixture ( • —based on D at 237 mp, x —based on D at 272 m/t).

Fig. 2. Variation in ratio of D at A 237 to 272 mu with fraction number. ( x —acetic 
acid analysis; C—benzene analysis).
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fo r  the  resin. T he  resu lts  o f  the  ana lysis are show n in  F ig . 1. T he  tru e  
fra c tio n  w e ig h t fo r  abso rbab le  m a te ria l lies betw een the  w e igh ts ca lcu la ted  
a t the  tw o  w ave lengths assum ing th a t absorbab le  m a te ria ls  have s im ila r  
m o le cu la r w e ights. A  g raph  o f  the  ra t io  o f  e x tin c tio n s  a t A 237 and  272 
mp. fo r  the  fra c tio n s  shows a separa tion  in to  h ig h  and lo w  ra tio  fra c tio n s  
(F ig . 2 ).

U s in g  th is  m e th o d , res in  (11-1 g) was d is tr ib u te d  betw een the  same 
so lven t m ix tu re  b u t w ith  16 cycles o f  the  sequence T B B B . T he  fra c tio n s  
w h ic h  had  D  237/272 ra t io  <  1 w ere b u lk e d  and  separated. T he  lo w e r 
phase was d ilu te d  w ith  w a te r, ex trac ted  w ith  e the r and  the  o rgan ic  phase 
neu tra lize d  (N a H C 0 3), washed, d r ie d  (N a 2S 0 4) and  evapora ted . The  
u p p e r phase was n e u tra lized , washed, d rie d  and  evapora ted . T he  p o o le d  
residues (3-36 g) were d isso lved in  the  m in im u m  a m o u n t o f  benzene and 
c h ro m a to g ra p h e d  on  a c o lu m n  o f  n e u tra l a lu m in a  (G ra d e  I I I )  us ing  e th e r-  
l ig h t p e tro le u m  ( 1 :1 )  so lven t m ix tu re . T he  e luate was co llec ted  in  five  
fra c tio n s  (25 m l). F ra c tio n s  (2) and (3), w h ic h  con ta in e d  the  m a in  b u lk  
o f  the  m a te ria l, deposited  crude d e h yd ro ro te n o n e  crys ta ls  (44 m g) on 
s tand ing . A f te r  rem ova l o f  the  crysta ls , the  m o th e r l iq u o r  was evapora ted  
to  g ive a w h ite  residue (2-5 g) w h ic h  w hen  d isso lved in  the  m in im u m  a m o u n t 
o f  ca rb o n  te tra c h lo r id e  deposited  im p u re  ro te n o n e -ca rb o n  te tra c h lo r id e  
so lvate (0-56 g). T he  m o th e r liq u o rs  were evapora ted  to  give a n o n - 
c rys ta lliza b le  residue (1-55 g), m .p . 70° (glass) w h ic h  gave po s itive  reactions 
in  the  G o o d h u e  (1936), D u rh a m , and R o g e rs -C a la m a ri (1936) tests b u t 
n o  c o lo u r  w ith  fe rr ic  c h lo rid e . C h ro m a to g ra p h y  o f  the  residue (0-32 
g) on  a lu m in a  w ith  c h lo ro fo rm - l ig h t  p e tro le u m  ( 1 : 1) so lven t m ix tu re  
w ith  c o lle c tio n  o f  the  m a in  fra c tio n  fo llo w e d  by  re m o va l o f  so lven t 
le f t  a c risp  b ro w n  degue lin  concen tra te  (0-3 g). T he  concen tra te  had  a 
G o o d h u e  va lue  o f  68-2%, [a]?0 — 110-5° (c 1% ; benzene), Amax [log  
E (  1%, 1 c m )], 237 (2-667), 250 (2-651), 271 (2-735), 295 (2-367) and  315 (i) 
(2-197) mp,, vmax (C H C 13), 1667 ( C = 0 ) ,  159 2 ,1 5 7 3 ,1 3 6 8 ,1 3 3 7 ,1 1 1 0 ,1 0 8 9 , 
909 and  893 cm -1, and  the  p ro to n  n m r spectrum  show ed signals a t r  6-18,
6-21 (C H 3O -), 3-17, 3-52 (r in g  A , a ro m a tic  p ro to n s ), 8-54, 8-61 (6 ' - (C H 3) 2-), 
doub le ts  a t 2-22 (J =  9 cycles/sec, 11 H ) , and  3-51 (J =  9 cycles/sec, 10 H )  
and  doub le ts  a t 3-30 (J =  9-5 cycles/sec, 4 'H )  and 4-42 p p m  (J =  9-5 
cycles/sec. 5 'H ).

CONVERSION OF DEGUELIN CONCENTRATE TO (¿/-D E G U E L IN  WITH ALKALI

T he m e th o d  o f  H a lle r  &  L a  F o rge  (1934) in  o u r  hands gave app rec iab le  
q u a n titie s  o f  te p h ro s in  and  was th e re fo re  m o d ifie d . T he  concen tra te  
(1-5 g ;  44%  G ood h u e  va lue ) in  m e th a n o l (75 m l)  u n d e r an a tm osphere  o f  
h yd ro g e n  was m ixed  w ith  sod ium  h y d ro x id e  s o lu tio n  (0-6 m l, 2h ). A f te r  
15 m in  the  s o lu tio n  was n eu tra lized  w ith  m in e ra l ac id  and a llo w e d  to  s tand 
o ve rn ig h t. O n  c ro p p in g  the  s o lu tio n , crys ta ls  (413 m g) were deposited 
w h ic h  gave a single spo t ( R f  0-6) on th in  f i lm  c h ro m a to g ra p h y  on a lu m in a , 
w h ic h  fluoresced y e llo w  w ith  u ltra v io le t l ig h t  and sta ined yekow  w hen 
sprayed w ith  so lu tio ns  o f  e ith e r io d in e  o r  2 ,4 -d in itro p h e n y lh y d ra z in e . 
R e c ry s ta lliz a tio n  (180 m g) fro m  m e th a n o l gave (¿ /-d e g u e lin  (120 m g), 
m .p . 170-171° [ l i t .  cites 165° (C ahn , P h ipers &  B oam , 1938) and 171°
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(C la rk , 1931)] w h ic h  had  a G o o d h u e  va lue  o f  83-6% (G o o d h u e  &  H a lle r , 
1939, c ite  81%). (F o u n d : C , 70-0 ; H , 5-7. C a lc, fo r  C 23H 220 6: C , 70-0 ; 
H , 5-6%).

OPTICAL ROTATION— RACEMIZATION STUDIES ON ROTENONE AND A DEGUELIN 
CONCENTRATE

T h e  o p tic a l ro ta t io n  o f  a s o lu tio n  o f  a d e g ue lin  concen tra te  (1 % ) in  
“ A n a la r ”  benzene (10 m l)  was m easured us ing  a 1 d m  ce ll a t 20°. A  
s o lu tio n  (0-75 m l)  o f  m e th a n o lic  p o ta ss iu m  h y d ro x id e  (0-34 n ) was then  
added and  the  o p tic a l ro ta t io n  no te d  a t in te rva ls . T he  [a]?,,’, dec lined  fro m  
a n  in i t ia l  re a d in g  o f  — 78° to  zero w ith in  10 m in . U n d e r s im ila r  c o n d i­
tio n s , s o lu tio n s  o f  ro tenone  (1, 1 -5 ,2 -0% ) w h ic h  gave in i t ia l  [a]?.), va lues o f  
— 216°, — 208° and  — 217° respective ly  declined  to  a f in a l va lue  o f  — 33°, 
— 44° and  — 49° respective ly .

HIGH RATIO FRACTION

F ra c tio n s  fro m  the  steady-state d is tr ib u t io n  o f  the  crude  res in  w ith  a 
ra t io  >  2  were b u lk e d , the  u p p e r and  lo w  phases separated and  processed 
as p re v io u s ly  described. T he  res inous m a te ria l (1-11 g) fro m  the  lo w e r 
phase was c h ro m a to g ra p h e d  on  a lu m in a  us ing  b e n ze n e -ch lo ro fo rm  ( 1 : 1) 
so lven t m ix tu re . T he  green u ltra v io le t fluo rescen t e luate was co llec ted  in  
tw o  fra c tio n s , w h ic h  were then  evapora ted  to  g ive residues (1) 0-57 g,
(2) 0-30 g. Residue (1) a lone gave a p o s itive  D u rh a m  re a c tio n  and  had  a 
G o o d h u e  va lue o f  43% . T h is  residue (200 m g) was d isso lved in  m e th a n o l 
and  k e p t a t 0°. A n  o ily  mass was deposited  w h ic h  on  s tand ing  a t ro o m  
te m pe ra tu re  (20°) gave crysta ls  (40 m g) o f  ( — )-e llip to n e , w h ic h  had  m .p . 
and  m ixed  m .p . 170-171-5° and  173° respective ly  (w ith  an a u th e n tic  
sam ple o f  ( — )-e llip to n e  m .p . 174-5-175°), Amax ( lo g  e) 238-7 (4-575) and  
274-7 m/x (3-949) ( — )-e llip to n e  had Amax 238-7 (4-616) and  274-7 mp. 
(3-959).

Discussion
T he  m a in  c o n s titu e n t o f  the  lo w  ra t io  f ra c t io n  was recogn ized  as degue lin  

b y  its  p ro to n  n m r spec trum  w h ic h  was s im ila r  to  th a t described fo r  
( ±  )-degue lin  (C ro m b ie  &  L o w n , 1962) and  is re a d ily  d is tin g u ish a b le  fro m  
o th e r k n o w n  n o n -p h e n o lic  ro te n o id s  b y  the  signals a t r  3-3 and 4-42 p p m  
(do u b le ts , J =  9-5 cycles/sec) c o rre sp o nd in g  to  the  tw o  r in g  E  o le fin ic  
p ro to n s . T he  in fra re d  and u ltra v io le t a b s o rp tio n  spectra w ere in  acco rd  
w ith  th is  in te rp re ta tio n  w h ic h  was c o n firm e d  b y  the  is o la t io n  o f  (% )-  
degue lin  fr o m  the  concen tra te  a fte r tre a tm e n t w ith  a lk a li.

T he  h o m o g e n e ity  o f  the  degue lin  concen tra te  was inves tiga ted  b y  th in -  
la ye r c h ro m a to g ra p h y  and  o p tic a l ro ta tio n -ra c e m iz a tio n  studies. T h in  
la ye r c h ro m a to g ra p h y  on  a lu m in a  gave a s ingle spo t ( R f  0-6) show ing  th a t 
te p h ro s in  (R : 0-3), k n o w n  to  be fo rm e d  b y  o x id a tio n  o f  degue lin  o n  the 
c o lu m n  (B rie rle y , 1966; R angasw an i &  Sastry, 1956), was absent. I n  the 
o p tic a l ro ta tio n -ra c e m iz a tio n  studies, ro te n o n e  had  a f in a l average specific 
ro ta t io n  va lue  o f  — 42°, co rre sp o n d in g  to  the  fo rm a tio n  o f  m u ta ro te n o n e
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b y  ra ce m iza tio n  o f  the  C -6 a, C -12a centres whereas the  degue lin  concen tra te  
had  a f in a l ro ta t io n  o f  zero. I t  is  conc luded  th a t the  o p tic a l a c tiv ity  o f  the  
concen tra te  is  due to  (  i-d e g u e lin  and  th a t ro tenone  is absent w ith in  the  
lim its  o f  se n s itiv ity  o f  the  m e th o d  used.

T he  ( — )-d egue lin  concen tra te  iso la ted  in  th is  w o rk  a lth o u g h  i t  c o u ld  n o t 
be o b ta in e d  c rys ta llin e , was a p p a re n tly  hom ogeneous as ju d g e d  b y  the  
techn iques em p loyed  and  con ta in e d  a t least 85% degue lin  as show n  b y  
c o lo r im e tr ic  assay. I n  these respects i t  is  s u p e rio r to  the  concen tra te  
p re v io u s ly  described b y  H a lle r  &  L a  F o rge  (1934) w h ic h  c o n ta in e d  a b o u t 
50% degue lin  to g e th e r w ith  an app rec iab le  q u a n tity  o f  ro tenone.

T he  u ltra v io le t a b s o rp tio n  spec trum  fo r  the  h ig h  ra t io  fra c tio n  o b ta ined  
in  th is  w o rk  suggested a s im ila r ity  to  several re ce n tly  iso la ted  flavano ids  
fro m  o th e r L e g u m in o sa e  sp. (nepseud in , C ro m b ie  &  W h it in g , 1962; 
neotenone, C ro m b ie  &  W h it in g , 1963) and  d iffe re d  cons ide rab ly  fro m  th a t 
q u o te d  fo r  ( — )-e llip to n e  b y  M e ije r  (1941). H ow eve r, the  presence o f  
( — )-e llip to n e  in  the  fra c tio n  was in d ica te d  b y  the  p ro to n  n m r spectrum  and  
co n firm e d  b y  is o la t io n  o f  c rys ta llin e  ( — )-e llip to n e .

T he  m e th o d  described here fo r  lo c a tio n  o f  the  h ig h  and  lo w  ra t io  
fra c tio n s  in  the  c o u n te r-c u rre n t t ra in  is ra p id  fo r  lo c a tin g  the  cons tituen ts  
o f  a m ix tu re , and  is p a r t ic u la r ly  advantageous w here  in co m p le te  separa tion  
has occurred . T he  usua l ted ious  g ra v im e tr ic  p rocedu re  is avo ided  and  
fu r th e rm o re  the  co ns tituen ts  can be loca ted  in  instances w here  a w e ig h t 
analysis shows l i t t le  sepa ra tion  (cf. F igs 1 and  2). H o w e ve r, fo r  its  
successful a p p lic a tio n  the  co ns tituen ts  m u s t have d iffe re n t ra tio s  fo r  th e ir  
u ltra v io le t a b s o rp tio n  e x tin c tio n  coe ffic ien ts a t tw o  pre-selected w ave­
lengths. T he  m e th o d  described here c o u ld  p ro ve  use fu l in  de tec ting  and  
fo llo w in g  the  is o la t io n  o f  im p u r it ie s  in  d rugs w here steady state d is tr ib u ­
t io n  o r  co lu m n  c h ro m a te g ra p h y  is be ing  used.

A c k n o w le d g e m e n ts . W e w ish  to  th a n k  M essrs. C ooper, M c D o u g a ll and  
R o b e rtso n  L td . ,  fo r  a g if t  o f  co m m e rc ia l d e rris  e x tra c t and  D r .  T h . M . 
M e ije r  fo r  a sam ple o f  ( — )-e llip to n e .
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Quantitative method for determining aminofurantoinf
M. T. UMAR,* M. MITCHARD AND J. W. GORRODJ

A quantitative colorimetric procedure for the estimation of aminofurantoin is 
described. The red colour of the Schiff base produced by the reaction of dimethyl- 
aminobenzaldehyde with aminofurantoin, is stable after a period of 40 min for 
a further 20 min and can be measured at 582 m/*. Maximal colour is developed 
at room temperature (20°) under acid conditions (pH 2-0). This technique was 
found suitable for the determination of aminofurantoin in tissue homogenates. 
The formation of aminofurantoin as a probable metabolite of nitrofurantoin was 
investigated but its production was not confirmed.

I N  v iew  o f  the  extensive use o f  n it ro fu ra n to in  (5 -n itro -2 -fu rfu ry lid e n e - 
a m in o  h y d a n to in ) as a u r in a ry  an tisep tic , i t  is s u rp r is in g  th a t the  

m e ta b o lic  fa te  w ith in  m a m m a lia n  tissue is s t i l l  u n ce rta in . P au l, E ll is  &  
o thers (1960) discussed the  p ro b a b le  m e tabo lites  p roduced  b y  the  
p h y s io lo g ic a l d e g ra d a tio n  o f  subs titu ted  sem icarbazone de riva tives  o f  
5 -n itro -2 -fu rfu ry lid e n e  ( I) .

T he  co m pounds  appear to  be b io c h e m ic a lly  degraded b y  h yd ro lys is  
o f  the  side ch a in  to  g ive n itro fu ra ld e h y d e  fo llo w e d  b y  o x id a tio n  to  
n it ro fu ro ic  acid  (P au l, A u s tin  &  o thers , 1949; P au l &  o thers, 1960) and by  
the  re d u c tio n  o f  the  n itro -g ro u p  fo llo w e d  b y  r in g  cleavage. E vidence 
suggests th a t the  in te rm e d ia te  h y d ro x y la m in e  is fo rm e d  b u t the  a m in o - 
fu ra n s  co u ld  n o t be iso la ted.

Studies o n  the  d e g ra d a tio n  o f  n it ro fu ra n to in  by  b a c te r ia l systems have 
show n th a t a s ingle stage b re a k d o w n  occurs in v o lv in g  the  s im u ltaneous 
re d u c tio n  o f  the n itro -g ro u p  and the  cleavage o f  the  fu ra n  r in g  (B ecke tt 
&  R o b in so n , 1956). H ow eve r, E b e tin o , C a ro ll &  G e u r (1962) fo u n d  th a t 
the c a ta ly tic  re d u c tio n  o f  n itro fu ra n to in  p roduced  l- (5 -a m in o fu r fu ry li-  
d e n e -a m in o )h yd a n to in , w h ic h  was q u ite  s tab le  and  show ed no ring  cleavage. 
A lth o u g h  a m in o fu ra n to in  is a po s tu la te d  in te rm e d ia te  in  the  m e ta b o lic  
d e g ra d a tio n  o f  n itro fu ra n to in , the re  is s t i l l  no  d ire c t evidence fo r  its  
fo rm a tio n  in  m a m m a lia n  tissues.

The  d iffic u ltie s  in h e re n t in  is o la t in g  unchanged n itro fu ra n to in  and its  
m e ta b o lic  p ro d u c ts  fro m  u rin e  o r  tissue hom ogenate  have m ade i t  ted ious 
to  separate and characte rize  the m e tabo lites . T he re fo re  a s im p le  c o lo r i­
m e tr ic  p rocedure  fo r  the  q u a n tita t iv e  e s tim a tio n  o f  a m in o fu ra n to in  in  
tissue hom ogenates has been developed in  an  a tte m p t to  fa c ilita te  the 
ch a ra c te r iz a tio n  o f  th is  c o m p o u n d  as a possib le  m e ta b o lite ; the  need fo r  
p re lim in a ry  ted ious  c h ro m a to g ra p h ic  sepa ra tion  is the reby  avo ided.

From the Department of Pharmacy, Chelsea College of Science and Technology, 
(University of London), London, S.W.3, England.

* Present address: Department of Pharmacy, University of Aston, Birmingham, 
England.

t  Aminofurantoin is the accepted trivial name for l-(5-amino-2-furfurylidine- 
amino)hydantcin.

% Research Fellow of the Royal Commission for the Exhibition of 1851.
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T he  m e th o d  deve loped b y  B ra tto n  &  M a rs h a ll (1939) fo r  the  q u a n tita ­
tiv e  e s tim a tio n  o f  a ro m a tic  am ines us ing  n a p h th y le th y le n e d ia m in e  was 
fo u n d  to  be u n su ita b le  fo r  the  d e te rm in a tio n  o f  a m in o fu ra n to in . T he re ­
fo re , the  m e th o d  o f  V e n ka ta ra m a n , V e n k a ta ra m a n  &  Lew is , (1948) has 
been inves tiga ted  as a possib le  a lte rna tive .

T he  red  c o lo u r p roduced  b y  the  in te ra c tio n  o f  E h r lic h ’ s reagent 
(p -d im e th y la m in o b e n za ld e h yd e  1% in  e th a n o l) w ith  a m in o fu ra n to in  is 
sensitive, una ffec ted  b y  the  presence o f  n itro fu ra n to in  and  is su ffic ie n tly  
stable fo r  accura te  m easurem ents to  be m ade.

M. T. UMAR, M. MITCHARD AND J. W. GORROD

METHODS

E h r lic h ’ s reagent (1%  p -d im e th y la m in o b e n za ld e h yd e  (B D H )  in  e th a n o l) 
(1 0 0  m l)  c o n ta in in g  concen tra ted  h y d ro c h lo r ic  ac id  (1 m l)  was used to  
deve lop  the  c o lo u r w h ic h  was m easured on  a U n ic a m  SP800 a t 582 m fu. 
A m in o fu ra n to in  (50 m g) was d isso lved in  iV IV -d im e th y lfo rm a n rd e  (1 m l)  
and  th is  was d ilu te d  w ith  w a te r to  g ive a s tock  s o lu tio n  c o n ta in in g  
100  /zg/m l.

D ilu t io n s  o f  the  s tock  s o lu tio n  o f  a m in o fu ra n to in  w ere p repa red  to  
give con ce n tra tio n s  betw een 2 and  15 /xg /m l. The  a m in o fu ra n to in  s o lu tio n  
was ad justed  to  p H  1-8 b y  the  a d d it io n  o f  C la rk  &  L u b b s  b u ffe r (3-5 m l 
to  1 m l o f  the  a m in o fu ra n to in  s o lu t io n ) ; E h r l ic h ’ s reagent (0-5 m l)  was 
added to  the  a c id ifie d  a m in o fu ra n to in  (4-5 m l)  and  the  m ix tu re  was 
a llo w e d  to  stand  a t ro o m  tem pe ra tu re  (2 0 °) be fo re  re a d in g  the  a b s o rp tio n  
a t 582 m/z.

T he  p rocedu re  was m o d ifie d  to  s tudy  the  effect o f  tim e  (c o lo u r  de te r­
m in e d  a fte r 10 m in  in te rva ls ), te m pe ra tu re  (2 0 -4 8 °) and  p H  1-0-2-0. In  
each case a s o lu tio n  c o n ta in in g  2 0  /xg/m l o f  a m in o fu ra n to in  was used. 
T he  resu lts are presented in  F igs 1 and  2.

Time (min)
F ig . 1. Effect of temperature and time on the colour development (582 nv) resulting 
from the interaction of aminofurantoin with Ehrlich’s reagent.
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Fig. 2. Effect of pH on the colour development resulting from the interaction of 
aminofurantoin with Ehrlich’s reagent.

R e c o v e ry  o f  a m in o fu ra n to in  f r o m  tissu e  h o m o g en a te s . Aminofurantoin 
solutions (1-5 ml) were added to freshly homogenized rat liver (5 g in 
10 ml of phosphate buffer, pH 7-4) (2 ml) to give final concentrations of
4-15 /xg/ml. Trichloroacetic acid 10% in water (10 ml) was added to 
the homogenate preparation and the precipitated protein removed by 
centrifugation. Dilute ammonium hydroxide solution was added to 
correct the pH of the supernatant to pH 1-8. The above process was 
repeated replacing the homogenate with water. The volumes of the final 
solutions were adjusted to 15 ml, Ehrlich’s reagent (0-5 ml) was added 
to 4-5 ml aliquots and the colour determined at 582 m/x. The percentage 
recovery of aminofurantoin at different concentrations is presented 
in Table 1.

TABLE 1. RECOVERY OF AMINOFURANTOIN FROM BIOLOGICAL FLUIDS

Concentration  
o f  added 

aminofurantoin

Concentration o f  “recovered”  
aminofurantoin  

¡xmole/ml % Recovery

¡xg/ml ixmole/ml Water
H om o­
genate Urine Water

H om o­
genate Urine

4 0019 0-019 0-019 0-019 100% 100% 100%
7-5 0-036 0 036 0-034 0-034 100% 97% 97%

10 0048 0-048 0047 0-046 100% 97% 95%
95%15 0-C72 0-072 0-068 0-064 100% 98%

In cu b a tio n  o f  n itro fu ra n to in  w ith  tissu e  h o m o g en a te s . Nitrofurantoin 
and p-nitrobenzoic acid solutions ( 1  ml) were added to separate samples 
of a guinea-pig liver homogenate as described for aminofurantoin above, 
to give concentrations of 1 /xmole/ml. The homogenates were fortified by 
the addition of a co-factor solution (2  ml) containing n a d p h  ( 1  • 1 /xmolc), 
glucose-6 -phosphate (19 /xmole), riboflavine (2-5 /¿mole) and nicotinamide 
(1-5 //.mole) in phosphate buffer (pH 7-4).

The preparations were incubated at 37° for 1 hr under nitrogen, the 
reactions stopped with trichloroacetic acid and the colour developed as 
described above. //-Aminobcnzoic acid (1-25 //mole) was produced in
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the reaction mixture containing nitrobenzoic acid as substrate whereas 
no aminofurantoin could be detected in that preparation containing 
nitrofurantoin.

In cu b a tio n  o f  a m in o fu ra n to in  w ith  tissu e  h o m o g en a te s . Aminofurantoin 
( 1  /¿mole) was added to freshly homogenized rat liver as described above. 
The homogenate was incubated at 37°, samples were removed at 10 min 
intervals, and the aminofurantoin content determined (see Fig. 3).

Fig . 3. Decrease in aminofurantoin concentration on incubation with rat liver 
homogenate.

A tte m p te d  re c o v e r y  o f  a m in o fu ra n to in  f r o m  urine. Furadantin 
(200 mg) was given orally to two men whose urinary pFl was maintained 
at 5-0 by ammonium chloride (1 g orally every 3 hr). A 4 hr urine sample 
was collected and analysed for aminofurantoin content as described. N o  
aminofurantoin was detected although nitrofurantoin was shown to be 
present by a spectroscopic examination of a urine extract.

The colour development was found to b e : (i) time dependent, reaching 
a maximum at 20° after a period of 40-60 min (see Fig. 1), (ii) temperature 
dependent, the optimal temperature being 20° (see Fig. 1), (iii) pH 
dependent, requiring an acidic pH optimal at 1-8 (see Fig. 2).

The absorption by the Schiff base formed during the reaction was 
shown to obey the Beer Lambert law below concentrations of 15 p.g/ml, 
and was sensitive enough to detect concentrations as low as 2  p g /m \.

A mixture o f Ehrlich reagent and rat liver homogenate under the 
conditions described produced no measurable absorption at 582 m p ,  and 
excellent recoveries were obtained of aminofurantoin added to an 
homogenate (see Table 1).

However, upon incubating aminofurantoin with the homogenate a 
significant loss was observed as shown in Fig. 3.

Discussion
Ehrlich’s reagent forms a Schiff base with aminofurantoin having an 

absorption maximum at 582 m p  which is stable under defined conditions 
of temperature and pH, and whose intensity is quantitatively related to

0-05
0 10 20 30 A0 50 60

T im e  (m in )

Results
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low concentrations of the aminofurantoin. The colour development with 
aromatic amines reported by Vankataraman & others (1948) was maximal 
at a pH of 2-0-2-2. However, using aminofurantoin a pH of 1-8 was 
required for maximum colour development.

Good recoveries were obtained from rat liver homogenate; quantities 
of 2 /xg/ml being detected by the method. The technique described appears 
to offer a reasonably sensitive and convenient method for the detection 
of aminofurantoin in the presence of biological material.

Although the system used was shown to reduce p-nitrobenzoic acid 
to p-aminobenzoic acid it was not possible to demonstrate the formation 
of aminofurantoin as a reduction product from nitrofurantoin. However, 
it was shown that aminofurantoin is broken down at an appreciable rate 
under the conditions used, and therefore if it is formed by the action of 
nitroreductase on nitrofurantoin it is probably immediately converted 
by some mechanism to another reaction product. Therefore it was not 
suprising that aminofuranotin was not detected in the urine of persons 
receiving nitrofurantoin, even though the urinary pH favoured maximum 
excretion of any basic material.

A c k n o w le d g e m e n ts . Aminofurantoin was kindly supplied by Norwich 
Pharmacal Company, New York.
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Simulation methods in drug screening

o . L. DAVIES

Simulation is used to give a quantitative explanation of the phenomenon frequently 
observed in routine drug screening, that activities found in the initial tests are not 
confirmed on retest. Simulation is also used to assess the efficiency o ’ a screening 
test procedure and to compare the efficiencies of different procedures.

SCREENING tests must be designed to make efficient use of the 
animals in a test, and to apply the appropriate amount of effort to 

test each compound so as to maximize the probability of finding a suitable 
drug. Much literature exists on the design o f screening tests, and an 
extensive bibliography is given in Federer (1963).

A frequently occurring phenomenon is that activity found in an initial 
test is not confirmed on retest, an observation sometimes referred to as 
the “first experiment disease” . This arises in the following way.

Compounds classified as positive in the primary screening test are 
usually retested experimentally to obtain more reliable estimates of their 
activities. But on retest the activities are generally appreciably lower 
than those observed initially. As a result the test or compound is often 
uspected of unreliability. Yet it can be readily shown statistically that 

on average a lower activity can be expected as a natural consequence of 
the usual testing error, and is not evidence of abnormality in the test. 
The reasons for this are that testing error alone can give rise to an 
apparent activity which may be greater than the actual activity, and 
when selecting compounds with highest apparent activities there is a 
tendency to select results which are high because of normal testing error. 
This can be pronounced when the proportion of positives is small.

There is no difficulty in demonstrating this phenomenon mathe­
matically and to measure its magnitude. Another and convincing 
method of doing this is by simulation. This method does not require 
any specialized knowledge of mathematics and can be used by any 
experimenter preferably with some knowledge o f computer programming, 
because simulations are most easily carried out on a compute:.

PROCEDURE OF SIMULATION

First the compounds to be tested must be simulated. The compounds 
are assumed to be selected randomly from a large pool of possible 
compounds which could be tested. It is necessary to assign a distribution 
of activities to the pool of compounds. Much information is available 
on biological activities of compounds in general and there may be 
enough information available on the particular activity being investi­
gated to allow at least a good guess of the form o f the distribution. There 
must be some expectation o f activity, otherwise the screen would not be

From the Department of Statistics, University College of Wales, Aberystwyth, 
Wales.
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undertaken. Since the aim is to demonstrate an effect, a rough indication 
of the distribution is all that is needed.

In an actual screen which was simulated and the results o f which are 
given later in this paper, the distribution o f activities given in Table 1 
was assumed. According to this distribution of activities 85% of the 
compounds are inactive and the remainder have activities ranging from
7-5 to 30% in the proportions shown.

SIMULATION METHODS IN DRUG SCREENING

TABLE 1. ASSUMED DISTRIBUTION OF ACTIVITIES IN THE POOL OF COMPOUNDS 
AVAILABLE FOR TEST

% Activity 0 7-5 15 22-5 30

Proportion o f  compounds 0-85 0 0 8 0-04 002 001
Cumulative proportions 0-85 O'93 0-97 0-99 1 00

The procedure of selecting a compound randomly from the distribution 
is as follows. A random number between 0 and 1 is chosen from a table 
of random numbers (Tippett, 1959). The cumulative distribution is used 
to identify this number with a compound. If the number is less than 
or equal to 0-85, then it refers to a compound of zero activity; if the 
number is more than 0-85 and less than or equal to 0-93, it refers to a 
compound of activity 7-5% and so on. The complete Table is as shown 
in Table 2.
TABLE 2. CORRESPONDENCE BETWEEN RANDOM NUMBERS AND ACTIVITIES

Random number
X

Activity o f  compound
%

0 <  x <0-85 0
0-85 <  x <0-93 7-5
0-93 <  x <0-97 15
0-97 <  x <0-99 22-5

x > 0 9 9 30

The next step is to simulate the result o f a test on the compound. 
The only information needed about the test is the distribution of the 
testing errors. If required, a numerical distribution of the errors can 
be drawn up in much the same way as that for the activities o f the 
compounds, and an error selected randomly from the distribution again 
using a similar procedure. The distribution of errors will contain 
negative as well as positive errors. Usually it can be assumed that the 
testing error distribution is normal and then the standard error is all 
that needs to be known. Tables exist for random sampling from a 
normal distribution (Wold, 1948); these tables are based on a standard 
error of unity, and the selected random number must therefore be 
multiplied by the standard error of the test. The result represents the 
error to be acded to the activity of the compound selected to give the 
simulated test results.

The above procedure has to be repeated many times and is best done 
by computer. Facilities exist in all modern computers to select a random 
number and also a random Normal deviate.
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The steps in the full simulation procedure can now be set out.
(1) Draw up a distribution of expected activities for the compounds 

(see Table 1).
(2) Select compounds successively at random from this distribution 

and note the results. This simulates the compounds which are presented 
for test. Repeat a sufficient number of times, e.g. 300 or more times.

(3) Simulate a test result by adding a random error, based on know­
ledge of the test, to the known activity of the compound selected. 
Repeat for successive compounds and note the results.

(4) Identify those compounds which on first test are considered 
positive, e.g., all compounds giving a test result greater than a given 
amount decided beforehand.

(5) Simulate a retest on these compounds by adding a random error 
to the known activities of the compounds.

(6 ) Compare the two series of tests on the “positives” .
E x a m p le . Four hundred compounds were screened in a routine 

biological test and 40 of them were considered positive. These 40 were 
retested. The average degree of activity in the initial tests showed a 
reduction of 11% after retest. The standard error of the test was known 
to be 8 %.

RESULTS OF THE SIMULATION

The assumed distribution of activities was that given in Table 1. The 
value of 8 % was taken for the standard error of the test.

The results o f the first simulation are given in Table 3. Of the 400 
compounds tested cnly those that passed the first screen, i.e., which 
gave simulated test results of 1 2 % or more, are included, and those test 
results are given in the second column. The first column represents the 
known activities of the compounds as selected randomly from the distri­
bution of expected activities. The third column gives the results of the 
retest, and the fourth, the averages of the first and the second tests.

The simulation was repeated 20 times giving the means of Table 4.
These tables show that the grand mean of the retested activities is only 

about one-half o f the corresponding mean of the initial test on the 
“active” compounds, and indicate that the apparent drop in activity on 
retest in the routine screening test noted previously, is normal and to be 
expected. It is in no way an indication either of loss in activities of 
compounds or of aberrations in the biological test.

EFFICIENCY OF SCREENING PROCEDURE

Further useful results can be obtained from the above simulations. 
For example they supply a direct and simple way of assessing the 
effic ien cy  o f the screening procedure. A brief indication of how this can 
be done will now be given. Screening divides the compounds tested 
into two lots, those that are considered to be of interest and those
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TABLE 3. RESULTS OF f ir s t  s i m u l a t io n

% Activity  
( 1)

Activity on first 
“ test” >  12 %  

(2)
Repeat test 

(3)
Average test 

(4)

000 19-57 1 96 10-77
0-00 15-27 -1 5 -0 5 0-11
0-00 20-38 10-25 15-32

30-00 28-88 29-93 29-41
0-00 14-18 -  4-84 4-67
7-50 18-03 7-34 12-69
0-00 15-76 -  4-68 5-54

30-00 33-17 49-45 41-31
0-00 17-12 5-91 11-52

15-00 12-60 21-88 17-24
22-50 21-99 23-04 22-52
0-00 22-66 1-88 12-27
0-00 12-82 -  6-62 3-10
0-00 12-56 4-16 8-36

15-00 21-06 21-96 21-51
22-50 34-42 18-59 26-51
0-00 24-61 -  4-98 9-82

22-50 23-88 24-86 24-37
0-00 12-69 -  3-57 4-56

30-00 36-72 29-48 33-10
0-00 18-39 -1 7 -1 3 0-63

22-50 28-07 18-53 23-30
30-00 16-09 44-25 30-17
0-00 14-91 -  3 16 5-88
7-50 24-65 -  5-49 9-58
0-00 19-79 -  8-80 5-49

15 00 13-31 11-77 12-54
0-00 14-35 -  2-53 5-91
000 16-17 18-60 17-39

15 00 18-93 9-38 14-16
000 13-51 -  7-25 3-13

30 00 23-39 24-34 23-87
0 00 13-66 -  8-94 2-36

15 00 12-31 18-92 15-61
15 00 21-10 11-12 16-11
000 15-32 12-73 14-02

22 50 30-90 20-35 25-62
30 00 27-46 43-01 35-23
15 00 32-87 17-41 25-14
15 00 22-07 23-50 22-78
7 50 13-17 6-74 9-96
000 17-45 -  3-70 6-88

22 50 29-27 30-00 29-64
0 00 23-74 10-20 16-97

Mean 10-40 20-44 10-79 15-61

TABLE 4. m e a n  r e s u l t s  f r o m  e a c h  o f  t w e n t y  s i m u l a t io n  r u n s  (each conducted 
on a group of 400 compounds)

N o. o f  runs 
( 1)

Mean % activity 
per run 

(2)

Mean activity on 
first test per run 

(3)

Mean repeat tests 
per run 

(4)

Mean
o f  (3) and (4) 

(5)
! 10-40 20-44 10-79 15-61
2 11-03 20-96 11-82 16-39
3 10-37 19-30 10-50 14-90
4 9-91 18-57 9-31 13-94
5 9-96 19-39 10-85 15-12
6 8-61 18-44 7-23 12-84
7 9-48 18-34 10-85 14-59
8 9-84 18-25 10-34 14-30
9 10-42 17-90 9 0 6 13-48

10 7-90 17-23 9-77 13-50
11 8 14 16-20 7-15 11-67
12 9-68 18-40 8-62 13-51
13 8-11 19-43 7-87 13-65
14 7-62 18-74 6-81 12-78
15 9-48 17-66 9-43 13-55
16 9-88 18-80 9-30 14-05
17 11-48 19-25 10-42 14-83
18 8-90 17-36 6-48 11-92
19 12-09 21-00 12-64 16-82
20 13-06 20-08 13-44 16-76

Grand Mean 9-818 18-787 9-634 14-211
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considered not to be of interest. The screening is based on a test which is 
subject to error, and, therefore, some misclassiflcations will arise. For 
the first screen the procedure was to regard compounds giving results 
>12% activity as o f interest and all others o f no interest. A  total o f

8 , 0 0 0  compounds were “tested” in the above simulations, and o f these 
1,106 were considered active and 6,894 inactive.

By noting the actual activities o f the randomly selected compounds in 
the two groups—those accepted and those rejected—the distributions of 
the activities of the compounds in the two groups can be derived. 
These are given in Table 5.

TABLE 5 . DISTRIBUTIONS OF ACTIVITY

% Actb/ity o f  compounds
Total

0 7-5 15-0 22-5 30-0

Compounds which passed the test 474 165 199 187 81 1106
Compounds which failed the test 6332 429 115 17 1 6894

Total 6806 594 314 204 82 8000

Probability o f  accepting com pound 0-070 0-278 0-634 0-917 0-988
Probability o f  rejecting compound 0-930 0-722 0-366 0-083 0-012

This Table shows that only 1 out of 82 (i.e. 1-2%) of the compounds 
with activity o f 30% and 17 out of 204 (i.e. 8-3%) o f the compounds with 
activity o f 22-5% fail to be detected. The chance of missing active 
compounds o f interest is, therefore, quite small. Similarly, the chance 
of passing compounds is negligible for those of zero activity and fairly 
small for compounds with activity of 7-5%. This scheme is suitable in 
the situation where compounds o f 7-5% activity are o f no interest, com­
pounds of 15% activity o f marginal interest and compounds o f activities 
22-5% or larger o f definite interest.

A  greater degree of discrimination arises after the second test. If on 
retest only those compounds with apparent activities >15%  are selected, 
the probabilities in Table 6  are obtained.
TABLE 6. DISTRIBUTIONS OF ACTIVITIES FOR OTHER ACCEPTANCE CRITERIA

% A ctivity o f  compounds

0 7-5 15-0 22-5 30

Number accepted on second test 
Probability o f  accepting 
Probability o f  rejecting

120-002
0-988

18
0-030
0-970

93
0-296
0-704

147
0-721
0-279

81
0-988
0-012

(Numbers accepted on alternative pro­
cedure) (see text) (2) ( i n (86) (147) (76)

This second screen has removed most o f the inactive compounds at a 
slight sacrifice o f active ones.

Another possible criterion o f selection is to calculate the means of the 
first and second test and to accept compounds with means >18% . This 
is a more stringent criterion which rejects far more o f the inactive 
compounds at some further slight sacrifice o f the active ones, as seen 
from the results in the last row o f Table 6 .
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An initial inspection of the test performance in this way is often 
sufficient to select a suitable procedure. It is, sometimes, desirable to 
attempt a more quantitative comparison o f the schemes. One way of  
doing this is to place a cost on passing compounds o f low activities and 
a value on some active compounds which have been detected by the 
test. A  cost might also be placed on those active compounds that have 
not been detected. These costs may be largely subjective and therefore 
the sensitivity o f this procedure o f selecting a suitable scheme to the 
assumption made will need to be known. This can be done by investi­
gating a range o f different costing schemes. A range of different initial 
distributions c f  activities might also need to be tried.

A c k n o w le d g e m e n ts . I gratefully acknowledge the useful comments 
and suggestions from Professor G. D. H. Leach and also the pro­
gramming assistance from Mr. R. C. Chapman.
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Some pharmacological effects o f l,2,3,4-tetrahydro-2- 
naphthylamine (p-tetra) and its secondary 7V-alkyl 
derivatives

JOCELYN N. PENNEFATHER*

Some effects of l,2,3,4-tetrahydro-2-naphthylamine (y3-tetra, /3-tetrahydronaphthyl- 
amine, 2-aminotetralin) and four of its secondary TV-alkyl derivatives on blood 
pressure in the cat and in the pithed rat are described. Pressor responses were 
obtained with jS-tetra in both preparations. The introduction of an V-methyl group 
to form l,2,3,4-tetrahydro-2-naphthylmethylamine led to a decrease in pressor 
potency in both species. The substitution of higher alkyl groups yielded compounds 
which were depressor in the cat and had markedly reduced pressor po:ency in the 
pithed rat. Increases in substituent chain length resulted in slight decreases in 
adrenaline-blocking potency and slight decreases in the tendency of the compounds 
to depress breathing. Experiments with /3-tetra in reserpine-treated, adrenalecto- 
mized and hexamethonium-treated animals led to the conclusion that the pressor 
effect of l,2,3,4-tetrahydro-2-naphthylamine is mediated by an action at the sympa­
thetic neuron resulting in the release of noradrenaline.

THE compound /3-tetra was first prepared by Bamberger & Muller 
(1888) and its pharmacological properties have since been extensively 

studied. Bovet and colleagues (Bovet, Bovet-Nitti & others, 1951; Bovet, 
Bovet-Nitti & Longo, 1952; Bovet, Sollero & Marotta, 1952; Bovet & 
Virno, 1952; Bovet, 1959) synthesized and examined some pharmaco­
logical actions of the 3V-methyl, JV-dimethyl, jV-ethyl and iV-diethyl 
derivatives of /3-tetra. They reported that these drugs had sympatho­
mimetic actions and also possessed anti-adrenaline activity. The effects of
1 ,2,3,4-tetrahydro-2-naphthylamine (/3-tetra, /3-tetrahydronaphthylamine,
2 -aminotetralin) and o f some secondary iV-alkyl derivatives on the blood 
pressure, respiration and pressor responses to adrenaline in the cat are now 
described. Pressor potencies of the compounds in the pithed rat prepara­
tion (Shipley & Tilden, 1947) have also been examined, so too has the 
mechanism of the pressor action of /3-tetra. The compounds used were 
prepared by Craig, Mocre & Ritchie (1959).

Experimental
METHODS

Cats o f either sex (1-5-4 kg) were anaesthetized with intravenous 
chloralose (80 mg/kg) after induction with ether. Tracheal cannulation 
was such that respiratory movement could be recorded by the method of 
Gaddum (1941), or artificial respiration could be applied if needed. 
Blood pressure was measured via a cannula in a carotid artery by a 
mercury manometer. Drugs were administered into a cannulated vein.

In some experiments with /3-tetra, cats were made spinal by the method 
o f Burn (1952) and maintained by artificial respiration. Some cats were

From the Department of Pharmacology, University of Sydney, Sydney, N.S.W., 
Australia.

* Present address: Department of Pharmacology, University of Melbourne, 
Parkville, Victoria, 3052, Australia.
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treated with 3 to 4 mg reserpine in 20% ascorbic acid, injected intraperi- 
toneally, on each o f 2 days and used on the 3rd day.

The experimental procedure for cats was as follow s: adrenaline (5-40 
/¿g) was injected intravenously at regular intervals, usually o f 7-12 min. 
When the mean resting blood pressure was steady and responses to adrena­
line were constant, /3-tetra or one of its derivatives was injected intra­
venously. Progressively increasing doses were given at intervals o f at 
least 2 0  min during which the regular injections o f adrenaline were con­
tinued.

Blood pressure in pithed rats prepared as described by Shipley & 
Tilden (1947) was recorded with a Statham P23Db pressure transducer 
and ink-writing recorder (Pennefather & Rand, 1960). Rats received 
1 mg atropine/100 g subcutaneously 20 min before use. In some experi­
ments heart rate was also recorded.

The compounds used were: l,2,3,4-tetrahydro-2-naphthylamine hydro­
chloride (/3-tetra) and the 7V-methyl-(methyl /3-tetra), JV-ethyl-(ethyl 
/3-tetra). 7V-n-propyl-(propyl /3-tetra), and TV-n-butyl-(butyl jS-tetra) 1,2,3,4- 
tetrahydro-2 -naphthylamine hydrochlorides.

EFFECTS OF /3-TETRA AND ITS TV-ALKYL DERIVATIVES

Results
CATS

Each compound was given in a dose o f 0-5 mg/kg to at least 4 cats. 
The primary amine, /8 -tetra, caused large pressor effects (45-80 mm Hg). 
Methyl /3-tetra had decreased pressor potency (30-45 mm Hg). The 
effects of both drugs lasted 10-20 min. Tachyphylaxis occurred when 
subsequent equal or larger doses of either drug were given. Ethyl and 
propyl /3-tetra had pronounced depressor effects (—20 to —45 and —40 
to - 5 5  m m H g respectively) which often lasted for more than 1 hr. 
Subsequent injections o f ethyl-/3-tetra often produced pressor effects. 
Fig. 1 shows a record of blood pressure from a cat given propyl /3-tetra. 
Butyl /3-tetra was a less potent hypotensive agent ( — 10 to —25 mm Hg) 
than propyl /3-tetra and its effect was relatively short-lived.

resp r - n  i----------  —• « I • • • • f
* 190 n

0-5’rfi$ikg 1mg|kg
•  ADREN 10>jg

Fro. 1. Record of blood pressure (lower trace) and breathing (upper trace) in a cat 
anaesthetized with chloralose. Pressor responses at spots were produced by injection 
of adrenaline 10 fig. Propyl /3-tetra ( f ) lowered the blood pressure and depressed 
breathing. Subsequent response to injections of adrenaline were prolonged. A 
second dose of propyl /3-tetra, 1 mg/kg, given while the blood pressure remained low, 
further depressed breathing: responses to adrenaline were reduced.
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Anti-adrenaline activities of the compounds were compared by deter­
mining the dose (A) of each that caused 100% abolition of the pressor 
response to adrenaline. The respiratory depressant effects of the com­
pounds were compared by determining for each the dose (R) that caused 
cessation of breathing. These doses (in /xtnole/kg) were: /3-tetra A 10 
(5-11), R 15 (5-22); methyl /3-tetra A 10 (10), R 13 (10-20); ethyl /3-tetra 
A 23 (7-48), R 26 (2-49); propyl /3-tetra A 35 (22-44), R 26 (9-44); butyl 
/3-tetra A 20 (8-21). R 20 (8-41). Thus potency in blocking pressor 
responses to adrenaline was similar with /3-tetra and its methyl derivative 
but then showed a fall to the propyl derivative, rising again with the butyl 
compound. In some experiments with /3-tetra and methyl /3-tetra, 
adrenaline ‘reversal’ was observed after giving a number of doses.

The primary amine and its methyl derivative caused most depression 
of breathing with successive reductions from ethyl to propyl. Butyl- 
/3-tctra showed an increased effect. Although /3-tetra and methyl /?- 
tetra had the most depressant activity, they caused least respiratory 
depression in doses which were effective in blocking the pressor effect of 
adrenaline. Thus, their R/A ratios were 1-5 and T3, whereas, those for 
the ethyl and propyl derivatives were 0-8 and 0-7 respectively.

RATS

Compared on a per kilogram basis the compounds were approximately 
ten times more potent as pressor agents in the pithed rat than in the cat 
and tachyphylaxis and cross-tachyphylaxis were not observed. All 
compounds were pressor, the relative potencies being: /3-tetra 85-105; 
methyl /S-tetra 40-65; ethyl /3-tetra 1-5-2-5; propyl /3-tetra 1-2-3; butyl 
/3-tetra 1-2-2-3. In other experiments, the potency of /3-tetra was com­
pared with that of (zb)-amphetamine and that of tyramine. Amphet­
amine and /3-tetra were approximately equipotent and both were about 
65% as potent as tyramine. In Fig. 2, a record of blood pressure in a

B p

a I W a V• • • • •
20T 40 T 40/9-T 20 ßT  20 T 40 T 40 ß-T

F i g . 2 . Record o f blood pressure o f pithed rat. (3-Tetra (4 0  /xg) produced a pressor 
response intermediate in height between responses to tyramine (T) 2 0  and 4 0  /¿g. 
Subsequent responses to tyramine were larger than before ¡8-tetra was given, whereas 
the response to a second injection o f /5-tetra was smaller.

pithed rat is shown. Injections of tyramine and of /3-tetra were alternated 
at fairly short intervals. The responses to tyramine became larger with 
each successive injection while those to /3-tetra became smaller. If 
injections of tyramine were discontinued there was no significant reduction
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in the size of responses to repeated injections of /3-tetra. The relative 
absence of tachyphylaxis to the actions of the compounds, and of any 
noticeable cross-tachyphylaxis between them suggests that the pithed rat 
preparation is suitable for the comparison of pressor activities of drugs 
of this type.

ACTION OF /J-TETRA IN RESERPINE-TREATED ANIMALS
Cats. The pressor action in spinal cats of /3-tetra (2-4 mg), first 

reported by Barger & Dale (1910), was confirmed in two experiments. 
Activity was much reduced in three reserpine-treated spinal cats; 15 min 
after infusion of noradrenaline (50 /xg/kg/min) responses to injections of 
tyramine and of /3-tetra ( 1 - 2  mg/kg) were still less than in untreated 
animals. At that time the blood pressure was low and steady.

Rats. /3-Tetra had less pressor effect in reserpine-treated pithed rats 
than in untreated rats. Table 1 shows the results of experiments in which 
/3-tetra (80/¿g) was injected before and after infusions of noradrenaline. 
After the infusion of noradrenaline the pressor response to /3-tetra was 
larger than before. Fig. 3 shows a record of blood pressure of a reserpine- 
treated pithed rat and illustrates the increase in response 15 min after a 
noradrenaline infusion.

ACTIONS OF (3-TETRA AFTER ADRENALECTOMY AND GANGLION BLOCKADE 
IN RATS

Three rats were adrenalectomized two weeks before use and were then 
pithed. No reduction in the pressor activity of /S-tetra relative to that of

EFFECTS OF /S-TETRA AND ITS V-ALKYL DERIVATIVES

NORADRENALINE 20ug/20min
•  = 80^g ßT

F i g . 3. Record o f blood pressure from pithed rat which had received reserpine 
(2 doses o f 2-5 mg/kg on each o f two days before use, given intraperitoneally). 
ß-Tetra (80 fig) had little pressor action. Noradrenaline (20 ;ug) infused during 
20 min, caused a prolonged pressor response. Subsequent pressor responses to 
/S-tetra were larger than before the infusion.

TABLE 1. THE PRESSOR RESPONSES TO jS-TETRA IN RESERPINE-TREATED PITHED RATS 
MEASURED BEFORE AND AFTER INFUSION OF NORADRENALINE

Dose of 0-tetra 
ßg

Amount of 
noradrenaline 

infused 
(Ag

Pressor response 
before infusion 

mm Hg

Pressor response 
after infusion 

mm Hg

Ratio of pressor 
response after 

infusion to pressor 
response beforehand

80 20 10 45 4-5:1
80 10 12 29 2-2:1
80 10 10 15 1-5:1
80 20 8 27 3-4: 1
60 20 7 15 2-1:1
60 — 17 — —

Infusions of noradrenaline were given over 10 or 20 min period at the rate of 1 pg/rnin/rat.
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tyramine was seen. In a fourth rat, acute adrenalectomy did not modify 
blood pressure responses to /3-tetra and tyramine.

In other experiments, the action of hexaméthonium on the blood 
pressure response to £-tetra was examined. There was only slight 
inhibition of the response to /3-tetra, but complete block of the response to 
nicotine used at an initially equipressor dose.

Discussion
The potent pressor action of /3-tetra in anaesthetized and spinal cats 

has been confirmed ; this effect also occurs in the pithed rat. Substitution 
of one amine hydrogen atom by alkyl groups of increasing chain length 
alters activity. Methyl-/3-tetra has less pressor activity in both cats and 
rats. Larger alkyl groups are depressor in the anaesthetized cat and 
much less potent than /3-tetra as pressor agents in the pithed rat. Adrena­
line-blocking potency and potency in producing depression of respiration 
were progressively reduced by the introduction of methyl, ethyl and 
propyl groups, but were again increased slightly when the substituent 
chain length was increased to four carbon atoms (butyl-/S-tetra).

The tachyphylaxis to the pressor actions of /3-tetra observed with cats 
has previously been noted by Barger & Dale (1910) and by Cloetta & 
Waser (1913) in dogs. Cross-tachyphylaxis between the /3-tetra deri­
vatives was also repo-tec by the latter authors. Ethyl /3-tetra, as found 
previously, had much less pressor action than either of the lower homo- 
logues. Respiratory depression following injection of /3-tetra, methyl-/3- 
tetra or ethyl-/3-tetra as observed by Cloetta & Waser was also confirmed. 
Bovet & others (1952), on the other hand, did not mention the effects of 
the drug upon respiration.

Adrenaline blocking potency did not increase with increasing A-alkyl 
chain length. In contrast, Bovet & others (1952), who used dogs, reported 
that ethyl-/S-tetra was more potent in blocking the pressor action of 
adrenaline than either the unsubstituted or the methyl derivative. In the 
present experiments with cats, the duration of adrenaline blockade 
produced by ethyl-/3-tetra was longer lasting than the blockade produced 
by the compounds of lower molecular weight, but its adrenaline blocking 
potency was slightly less.

Reserpine treatment, but neither adrenalectomy nor effective ganglion­
blocking doses of hexamethonium, reduced the pressor effect of /3-tetra. 
These findings suggest that direct release of noradrenaline from sympa­
thetic nerve endings may be a significant component of the drug’s pressor 
action. Such an effect could explain the findings of Bacq (1936) that 
/3-tetra failed to cause contraction of the denervated or cocaine-treated 
nictitating membrane in the cat, although there was contraction of the 
normal innervated membrane.

The failure of noradrenaline infusions to restore pressor responses to 
/3-tetra in resperpine-treated cats is reminiscent of the findings of Burn 
& Rand (1958) with amphetamine in reserpinized cats. They were 
unable to obtain restoration of the pressor response to amphetamine if an
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injection of amphetamine had been given before the infusion. Rand 
(personal communication) has pointed out that this is true for other 
amines which, like amphetamine and /3-tetra, often produce tachyphylaxis. 
In the pithed rat, tachyphylaxis to the pressor action of /3-tetra was not 
seen, and pressor responses to /3-tetra were readily restored by nor­
adrenaline infusions in reserpine-treated preparations. It may be that 
an anti-sympathomimetic acition of /3-tetra, manifest in the present 
experiments as an antagonism towards the pressor action of adrenaline, 
might at least partly account for the tachyphylaxis occurring in normal 
cats, as well as for the failure of noradrenaline to “restore” the pressor 
action of /3-tetra in reserpine-treated cats.
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Metabolic effects induced by the interaction of 
reserpine with desipramine
A. JORI, F. A N N O N I A N D  A. BIANCHETTI

The administration o f desipramine to reserpinized rats induces an increase o f  
body temperature without any change in blood glucose and liver or muscle glycogen. 
Instead there is an increase in the utilization o f blood glucose after a glucose load and 
an increase o f blood lactic acid. Plasma and brown adipose tissue free fatty acids are 
also increased. These findings are discussed in relation to the event linking the central 
stimulation induced by desipramine with the peripheral metabolic changes associated 
with the increase o f body temperature.

THE interaction between imipramine-like drugs and reserpine (Garattini, 
1958; Costa, Garattini & Valzelli, 1960; Sulser, Watts & Brodie, I960) 

has been the subject of extensive investigations in an attempt to elucidate 
the mechanism of action of tricyclic antidepressant agents. In particular 
this laboratory has examined the increase in body temperature induced by 
desipramine and similar drugs in rats made hypothermic by previously 
administered reserpine (Garattini & Jori, 1967).

The increase in body temperature is probably of central origin because it 
can be reproduced by injecting desipramine into the brain (Bernardi, Jori 
& others, 1966) or even into selected thalamic and hypothalamic areas 
(Rewerski & Jori, 1968). This effect is abolished by pithing the animals 
and is decreased relative to the level of spinal transection (Bernardi, 
Paglialunga & Jori, 1968). The interaction between desipramine and 
reserpine is not due to inadequate reserpinization (Manara & Garattini,
1967) but is probably mediated by the adrenergic system (Sulser, Bickel & 
Brodie, 1964; Sulser & Sorowo, 1965). It is well known that tricyclic 
antidepressant agents inhibit the uptake of noradrenaline peripherally 
(Hertting, Axelrod & Whitby, 1961; Iversen, 1965; Callingham, 1967) and 
in the central nervous system (Glowinski & Axelrod, 1964).

Inhibition of noradrenaline uptake leads to an increased availability of 
the adrenergic mediator at the adrenergic sites (Sulser, Owens & Dingell,
1967), particularly in reserpinized animals where the stores of catechol­
amines are depleted, and may be responsible for the potentiation of 
catecholamines. Consistent with this hypothesis is the finding that the 
hyperthermic effect of desipramine in reserpinized animals is blocked by 
inhibitors of noradrenaline synthesis (Jori, Carrara & Garattini, 1966a) and 
by adrenergic blocking agents (Jori, Paglialunga & Garattini, 1966b).

The mechanisms which presumably link the effect of desipramine in the 
central nervous system to the peripheral metabolic events responsible for 
the increase in body temperature have now been investigated.

E xp erim en tal
MATERIALS AND METHODS

Female Sprague-Dawley rats, 150 A 10 g, were injected intravenously 
with reserpine (5 mg/kg) 16 hr before the experiments. After which the

From the Istituto di Richerche Farmacologiche “ Mario Negri” Via Eritrea, 
62-20157 Milan, Italy.
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animals were kept at 20° with a relative humidity of 56%. At the begin­
ning of the experiments body temperatures were 28-30°. Blood samples for 
the glucose tolerance test were obtained from the ophthalmic plexus 
according to Riley (1960). The rate of glucose disappearance was 
calculated by the analytical method of Amatuzio, Stutzman & others
(1953) .

Glucose and lactic acid were measured by the enzymatic methods of 
Hugget & Nixon (1957) and Scholz, Schmitz & others (1959) respectively. 
Glycogen was measured by the method of Kemp & Kits von Heijningen
(1954) and free fatty acids (ffa) in plasma and in brown adipose tissue were 
determined according to Dole (1956) with minor modifications.

R e su lts
EFFECT OF DESIPRAMINE ON GLUCOSE AND GLYCOGEN CONCENTRATION

The blood glucose level of fasted reserpinized rats (5 mg/kg i.v.) was not 
significantly modified by desipramine (7-5 mg/kg i.p.) over 5 hr. However, 
after a glucose load, desipramine increased the rate of glucose removal 
from the blood stream, under the same experimental conditions. This is 
particularly significant considering that reserpine or desipramine, given 
alone, reduced the rate of glucose disappearance. The effect of desipr­
amine in reserpinized rats was rapid, persisted for at least 2  hr and did not 
appear to depend upon the body temperature (Table 1). Chlorpromazine, 
reduced the glucose disappearance in normal and reserpinized rats (Table 
1). Liver or muscle glycogen was not affected by desipramine.

T A B LE  1. EFFECT OF DESIPRAMINE ON THE RATE OF BLOOD GLUCOSE DISAPPEARANCE 
IN NORMAL AND RESERPINIZED RATS

No. of
rats Treatment

Time between 
treatment 

and glucose 
administration 

(min)

Glucose 
utilization 

(rate of 
removal 
%/min 
±s.e.)

Body
temperature 

change 
° C ±  s.e.

15 Saline .. ___ 7-6 ±  0-4 —
15 Desipramine .. 15 3-8 ±  0-4* —
5 Chlorpromazine 60 3-0 ±  0-6* -1 -0  ±  0-2

27 Reserpine +  saline .. — 4-3 ±  0-4 —
29 Reserpine +  desipramine .. 15 7-5 ±  1** -f 0-5 ±  0 06

5 Reserpine 4- desipramine 45 9-7 ±  2** +2-2 ±  0-5**
5 Reserpine 4* desipramine .. 90 9-1 ±  1-5** 4-4-5 4- 0-8**
5 Reserpine 4- desipramine .. 120 8-2 ±  0-8** 4-6-2 ±  0-5**
5 Reserpine +  chlorpromazine 60 3-9 ±  0-6 -0 -2  ±  0-1

Desipramine (7-5 mg/kg i.p.), chlorpromazine (5 mg/kg i.p.) or saline were given 16 hr after reserpine 
(5 mg/kg i.v.). Glucose was injected i.v. at a dose of 1 g/kg.

Body temperature was measured before glucose load.
Rate of removal represents the rate of fall of glucose level per min as % of the increase above the fasting 

level.
P <  0*01 in respect to controls (*) or reserpinized rats (**).

EFFECT OF DESIPRAMINE ON THE LEVEL OF LACTIC ACID IN BLOOD
The effect of desipramine, and chlorpromazine, on blood lactic acid 

levels of normal and reserpinized rats treated with saline or glucose, is 
summarized in Table 2. Blood levels of lactic acid were much lower in 
reserpinized animals than in fasted control rats, but were increased in both
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TABLE 2. EFFECT OF DESIPRAMINE ON BLOOD LACTIC ACID CONCENTRATION OF 
NORMAL AND RESERPINIZED RATS

A. JORI, F. ANNONI AND A. BIANCHETTI

No. of 
rats Treatment

Time between 
treatment 
and saline 
or glucose 

(min)
Blood lactic acid 

mg % ±  s.e.

11 Saline _ 2 0 - 7  ±  1 1
1 4 Desipramine 4- saline . . 15 1 0 - 2  4- 0 - 8 *

5 Chlorpromazine -r saline 15 1 2 - 2  ±  1 - 8 *
19
1 5

Reserpine 4  saline
Reserpine 4- desipramine 4  saline .. 15

6-6 4-  0 - 4  
1 0  8  4  0 - 8 *

5 Reserpine 4- chlorpromazine +  saline 15 7 - 3  4  0 - 5
7 Saline 4  glucose 15 2 5 - 8  4  1 - 7
6 Desipramine 4  g.ucose 15 2 3 - 3  4  3 - 8

13
9

Reserpine 4  glucose
Reserpine 4  desipramine 4-  glucose .. 15

8 - 7  4-  0 - 3  
1 4 - 9  4  0 - 5 * *

10 Reserpine 4  desipramine 4  glucose . . 4 5 1 4 - 7  4  1 - 2 *
5 Reserpine 4  desipramine 4  glucose . . 9 0 1 4 1  4  0 - 8 * *

1 0 Reserpine 4  desipramine 4  glucose .. 1 2 0 1 1 - 2 4  0 - 4 *

Reserpine (5 mg./kg i.v.) was gives 16 hr before desipramine (7-5 mg/kg i.p.) or chlorpromazine (5 mg/kg

Glucose (1 g/kg i.v.) was given 20 min before lactic acid determinations. 
Experiments were made in 15 hr fasted rats, at 20°.
* ^  P < 0 05; ** =  P < 0 01 relative to controls of each group.

groups after glucose administration. Desipramine enhanced the level of 
blood lactic acid in reserpinized rats treated with saline or glucose. In 
normal rats, desipramine decreased the blood lactic acid of saline-treated 
groups but had no effect on glucose-loaded groups. The effect of chlor- 
promazine was similar to desipramine in that it lowered blood lactic acid 
levels in normal rats but it was without effect in reserpinized animals.

EFFECT OF DESIPRAMINE ON FFA
Desipramine increased the level of plasma ffa by about 30% in reserpin­

ized rats for at least 1 hr after its administration. Since the intrascapular 
brown adipose tissue is important for maintenance of body temperature 
(Donhoffer, Sardy & Szegvari, 1964) the level of ffa in this tissue in 
reserpinized rats treated with desipramine or saline was investigated. It is 
evident from Table 3 that desipramine, although ineffective in normal rats

TABLE 3. EFFECT OF DESIPRAMINE ON THE BROWN ADIPOSE TISSUE FFA OF RESERPINIZED 
RATS

Time between 
desipramine, Brown

chlorpromazine adipose Temperature difference
or saline and tissue FFA °C 4  s.e.

No. of determination Gx-equiv./g)
rats Treatment (min) ±s.e. Subcutaneous Rectal

9 Reserpine 4  saline 20 5 4  0-4 ___ ___

8 Reserpine 4  saline 180 5-8 4  0-4 - 1 1  4  02 -0-5  4  0-2
9 Reserpine 4  desipramine 10 6-8 4  0-7 40-3 4  0-1 -0-9 4  01
9 Reserpine 4  desipramine 20 7-9 4  0-5* 40-7 4  0-2 4 M  4  0-1
9 Reserpine 4  desipramine 40 7-7 4  0-6* 42-1 4  0-5 42-3 4  0-5
9 Reserpine 4  desipramine 180 7-8 4  0-8* 44-3 4  0-6 44-7 4  0-4
5 Reserpine 4  chlorpromazine .. 40 5-8 4  0-25 40-5 4  0-4 4 1 0  4  0-4
5 Saline 40 9-2 4  0-3 — -0-3  4  0-2
5 Desipramine 40 9-8 4  0-6 — -1*2 4  0-2
5 Chlorpromazine 40 11-54 0-7* — -2-4  4  0-3

Subcutaneous temperature was measured over the intrascapular brown adipose tissue.
Reserpine (5 mg/kg i.v.) was given 16 hr before desipramine (7-5 mg/kg i.p.), chlorpromazine (5 mg/kg i.p 

or saline. Experiments were made at 20°C.
* P <  0 01 versus saline groups.
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RESERPINE-DESIPRAMINE INTERACTION

increased ffa in the brown adipose tissue or reserpinized animals. On the 
other hand, chlorpromazine increased the ffa in brown adipose tissue, in 
normal, but not in reserpinized rats.

D isc u ssio n
The results indicate that when desipramine is given to hypothermic 

reserpinized rats, metabolic changes occur that are associated with the 
increase in body temperature. Although no changes could be obtained in 
the level of blood glucose or of liver or muscle glycogen, it was observed 
that desipramine increased the utilization of glucose. Evidence for this 
effect was obtained by measuring the rate of removal of glucose in blood 
after a glucose load and by determining the levels of blood lactic acid. The 
increase of rate of glucose removal and the rise of blood lactic acid levels 
induced by desipramine in reserpinized animals are particularly significant 
considering that desipramine has opposite effects on the same parameters 
in normal rats. Chlorpromazine did not increase body temperature in 
reserpinized rats nor did it enhance glucose utilization or raise blood lactic 
acid levels. Desipramine also increased the level of ffa in plasma as well 
as in the intrascapular brown adipose tissue.

These biochemical manifestations of desipramine could be interpreted as 
causing an increase in energy metabolism with a resultant increase in body 
temperature thus allowing reserpinized animals to recover from the 
hypothermic condition.

Lipolysis in brown adipose tissue appears to be important in restoring 
body temperature after hibernation (Joel, 1965), and in normal rats for the 
maintenance of body temperature in emergency conditions (Donhoffer & 
others, 1964; Imai, Horwitz & Smith, 1968). The hydrolysis of tri­
glycerides would serve the function of producing heat in situ (Joel, 1965) 
where are located large vessels important also for the brain circulation. 
It is difficult, however, to establish to what extent the observed bio­
chemical changes precede or follow the increase of body temperature 
induced by desipramine in reserpinized animals. It is, however, significant 
that at 15-20 min after desipramine administration, the increases in 
glucose removal, blood lactic acid levels and plasma and brown adipose 
tissue ffa are accompanied by only a modest rise of blood temperature as 
measured in the subcutaneous tissue or in the rectal cavity.

Assuming that these biochemical changes are an important event in the 
interaction between desipramine and reserpine it remains to be established 
which hormonal or neurohormonal pattern links the central stimulation to 
the observed peripheral effects.

Acknowledgement. The technical assistance of Mr. L. Guarnieri is 
gratefully acknowledged.
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Observations on the efficacy of oral hyoscine JV-butyl 
bromide
JOCELYN N. PENNEFATHER, MARIAN W, McCULLOCH AND M. J. RAND

Hyoscine JV-butyl bromide (Buscopan) antagonized the spasmogenic action of 
acetylcholine or. guinea-pig isolated ileum, having a pA2 of 7-8. The drug also had 
intestinal antispasmodic activity in the anaesthetized cat after either parenteral or 
enteral administration. With the enterally administered drug larger doses were 
required, but the effects were longer lasting. Enterally administered in conscious 
dogs the drug sometimes produced a small increase in heart rate.

HYOSCINE A'-butvl bromide is an anticholinergic drug used for 
relieving spasm of the gastrointestinal, biliary and urinary tracts. 

Its efficacy after injection has been thoroughly established in animal 
experiments (Wick, 1951), in clinical investigations (Heinkel, 1951; 
Laurence, 1966) and in experiments with normal human subjects (Brownlee, 
Wilson & Birmingham, 1965; Herxheimer & Haefeli, 1966). However, 
some doubts have been raised as to the efficacy of the orally administered 
drug in experiments with human subjects (Herxheimer & Haefeli, 1966), 
although there are numerous clinical reports that the drug is effective 
orally in the control of various gastrointestinal disorders. There has been 
little published information from animal experiments on the effects of the 
drug administered via the gastrointestinal tract, however, Wick (1967) 
produced evidence that after intraduodenal administration of the drug to 
rats the LD50 was less than that after subcutaneous injection.

Our observations provide evidence for the absorption of hyoscine 
V-butyl bromide from the gastrointestinal tract in amounts sufficient to 
exert pharmacological effects.

Experimental
GUINEA-PIG ISOLATED INTESTINE

Segments of guinea-pig ileum were suspended in a 25 ml bath containing 
Tyrode solution maintained at 34° and bubbled with 5% carbon dioxide 
in oxygen. Contractions were recorded by means of an isotonic lever 
writing on a smoked drum. pA2  values were estimated in a manner 
similar to that described by Schild (1947).

ANAESTHETIZED CATS

Cats weighing T 5-3-0 kg were anaesthetized with intraperitoneal 
injections of chloralose (80 mg/kg) and pentobarbitone sodium ( 6  mg/kg). 
The trachea was intubated and the animals were ventilated from a respira­
tion pump. Blood pressure was measured from a femoral artery by 
means of a Statham pressure transducer (P23AA) and recorded on a 
Beckman Offner Dynograph. The electrocardiogram was recorded from

From the Department of Pharmacology, University of Melbourne, Parkville, 
Victoria 3052, Australia.
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leads corresponding to human limb lead II. The femoral vein was 
cannulated for intravenous administration of drugs. A midline incision 
in the abdomen was made and the duodenum cannulated for intraduodenal 
administration of drugs. Movements of a segment of ileum were measured 
by anchoring one end of the segment to a fixed rod and attaching the other 
to a strain gauge transducer recording on a Beckman Offner Dynograph. 
Resting tension was about 5 g. The skin was closed around the trans­
ducer, care being taken not to interfere with the movements of the ileum.

The right vagus nerve was cleared, separated from the vago-sympathetic 
trunk and tied centrally. The peripheral end was stimulated with 1 
msec, 8  to 10 V pulses at a frequency of 20/sec for 30 sec.

Contractions of the nictitating membrane were elicited by stimulation 
of the left preganglionic cervical sympathetic nerve with 1 msec, 3 V 
pulses at a frequency of 1 0 /sec for 1 0  sec at 2  min intervals, and recorded 
by means of a strain gauge transducer.

CONSCIOUS DOGS

The electrocardiogram was recorded from leads corresponding to human 
limb lead II. Drugs were administered by mouth or by intravenous 
injection into one of the leg veins.

DRUGS

The drugs used were : acetylcholine hydrochloride, atropine sulphate, 
histamine acid phosphate, hyoscine TV-butyl bromide (Buscopan). All 
doses of drugs are quoted in terms of these salts.

Results
GUINEA-PIG ISOLATED INTESTINE

The pA2  values for hyoscine JV-butyl bromide against acetylcholine and 
histamine were 7-8 and 4'6 respectively, from which it can be seen that 
the drug is a relatively specific acetylcholine antagonist. It was less 
potent than atropine, for which the corresponding pA2  values were 8-5 
and 5-2.

ANAESTHETIZED CATS

Intravenous injections of 0-3 to 3 mg/kg of hyoscine A-butyl bromide 
in 8  cats produced an immediate fall in blood pressure, decrease in gut 
motility and reduction in the size of contractions of the nictitating mem­
brane elicited by preganglionic sympathetic nerve stimulat.on. The 
heart rate did not change significantly during the depressor response. 
The cardiac responses to vagal nerve stimulation, as measured from the 
ecg or blood pressure records, were abolished and the depressor res­
ponses to injections of acetylcholine were diminished by doses of hyoscine 
TV-butyl bromide greater than 1 mg/kg. Intestinal responses to vagal 
stimulation were diminished and intestinal responses to acetylcholine

JOCELYN N. PENNEFATHER, MARIAN W. McCULLOCH AND M. J. RAND
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EFFICACY OF ORAL HYOSCINE A-BUTYL BROMIDE
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F ig . 1. Effects of intravenous hyoscine A-butylbromide in an anaesthetized cat. 
Records of blood pressure, gut movement and contractions of the nictitating membrane 
elicited by preganglionic sympathetic nerve stimulation. The drug (1 mg/kg) caused 
a fall in blood pressure, depression of gut movements and reduction in contractions of 
the nictitating membrane. The cardiovascular effects of vagal stimulation ( u ) were 
abolished by the drug for a period of 40 min. The intestinal responses to vagal 
stimulation were reduced and recovered in 40 min. The depressor response to 
acetylcholine ( • ACH) (2 ¡xg) was slightly reduced by the drug and the intestinal 
response was abolished but recovered within 60 min.

were abolished immediately after the drug. Cardiovascular and intestinal 
responses to vagal stimulation and acetylcholine, recovered from the 
effects of the drug given intravenously within 1 hr (Fig. 1). After a 
1  mg/kg dose, there was an immediate fall in blood pressure, decrease 
in gut motility and reduction in contractions of the nictitating membrane 
with a gradual return to control levels. The depressor response to vagal 
stimulation was blocked but returned within 40 min. The depressor 
response to acetylcholine was diminished but returned within 60 min. 
The intestinal response to vagal stimulation was reduced and that to 
acetylcholine was abolished for periods of 40 and 60 min respectively.

Intraduodenal administration of 5 to 10 mg/kg of hyoscine IV-butyl 
bromide in ten cats was without effect on the blood pressure, heart rate 
or contractions of the nictitating membrane, but decreased gut motility 
and affected the cardiovascular and intestinal responses to vagal stimu­
lation and acetylcholine. The depressor response to vagal stimulation 
was either reduced or abolished and the depressor response to injected 
acetylcholine was reduced but never abolished. Intestinal responses to 
vagal stimulation and acetylcholine were both abolished after intraduodenal 
administration of the drug and these effects lasted for longer than 2  hr. 
Fig. 2 illustrates the effect of intraduodenal administration of 10 mg/kg of 
the drug. The decrease in gut motility was evident within 15 min. The
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Fig. 2. Effects of intraduodenal hyoscine A-butylbromide in an anaesthetized cat. 
Records as in Fig. 1. The drug (10 mg/kg) decreased gut movements but did not 
affect blood pressure or contractions of the nictitating membrane. The cardio­
vascular, and intestinal effects of vagal stimulation ( u ) were abolished within 20 min 
of the administration of the drug and had not returned in 2 hr. The depressor 
response to acetylcholine ( » ACH) (2 tig ) was reduced and the intestinal response to 
acetylcholine was abolished within 30 min of the administration of the drug and these 
effects lasted for longer than 2 hr.

depressor response to injected acetylcholine was reduced. Intestinal 
responses to vagal stimulation and acetylcholine were both abolished. 
These effects lasted for more than 2 hr.

Similar effects on gut motility and cardiovascular and intestinal res­
ponses to vagal stimulation and acetylcholine were producec by intra­
duodenal and intravenous administration of the drug, but the effects of the 
enterally administered drug were much longer lasting and much higher 
doses were required by this route.

Evidence of sympathetic ganglionic blockade, that is a decrease in 
blood pressure and reduction in contractions of the nictitating membrane, 
was demonstrated only when the drug was given intravenously.

DOGS

Intravenous injections of atropine-like drugs produce tachycardia in 
conscious dogs by blocking vagal inhibitory tone to the heart. The six 
dogs used in these experiments had control heart rates of 70 to 120 
beats/min, and their heart rates increased to more than 2 2 0  beats/min 
after intravenous injections of atropine methylnitrate.

Hyoscine TV-butyl bromide was administered orally to these dogs in 
tablets, solution and mixed with food, and their heart rates were determined 
from ecg records taken before and at intervals after the drug. In one 
dog given 8  tablets (6 - 1  mg/kg), the heart rate was slightly increased
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above the control level (to 140 beats/min) between \ \  and 3 hr after 
dosing. However, in another dog of the same weight given the same 
number of tablets (6 -1 mg/kg) there was no increase in heart rate. Further, 
in two dogs given 4 tablets each, in one there was a slight but drawn-out 
increase in heart rate to 1 2 0  beats/min (with 2 - 6  mg/kg), but in the other 
there was no change (with 2-5 mg/kg). In two dogs given 2 tablets each 
(doses corresponding to 1 - 2  and 2 - 0  mg/kg) there were no changes in 
heart rate. An intravenous injection of 1-6 mg/kg of the drug produced 
an immediate increase in heart rate to 2 2 0  beats/min, but the effect 
declined rapidly, the heart rate returning to the control level in 45 min.

Discussion
Our findings indicate clearly that hyoscine A-butyl bromide can be ab­

sorbed from the gastrointestinal tract of cats and then exert its anticholin­
ergic effects as evidenced by blockade of the effects of vagal stimulation 
on the heart rate, blood pressure and intestine, and blockade of intestinal 
responses to injected acetylcholine. The time course of the effects of 
the drug by the intravenous and enteral routes differed considerably. 
The effects by the parenteral route were short lasting, presumably because 
the drug was rapidly eliminated, either from metabolism or excretion. 
This confirms earlier observations. Thus, Brownlee & others (1965) 
and Herxheimer & Haefeli (1966) reported that in man the effects of 
the subcutaneously administered drug disappeared within an hour. 
However, when intraduodenally administered, the drug had a long dura­
tion of action. This was probably a result of its relatively slow absorption, 
which is to be expected since the drug is a quaternary nitrogen com­
pound. The maximal effect apparently depends on the concentration 
of the drug in the circulation, and its effect enterally must depend, therefore, 
on the balance between the rates of absorption and elimination. It follows 
from these considerations that it is impractical to compare doses given 
by the two routes in terms of the magnitude of effects at any one time.

A further complication that arises in comparing the effects of different 
blood concentrations of hyoscine A-butyl bromide (arising from admini­
stration by the two different routes) is that it has two distinct pharmaco­
logical actions: it antagonizes the muscarinic effects of acetylcholine 
(the so-called anticholinergic action) and it antagonizes the nicotinic 
actions of acetylcholine and thereby blocks ganglionic transmission 
(Herman, Shaw & Rosenblum, 1958). The latter effect undoubtedly 
explains the reduction in contractions of the nictitating membrane and 
the depressor action of the drug intravenously, but these effects were not 
observed enterally which suggests that the blood concentration may not 
rise to a level sufficient for the drug to exert a significant ganglion blocking 
action.

Our experiments were not designed to investigate whether hyoscine 
iV-butyl bromide is more effective on the gastrointestinal tract than on 
other tissues out they did not disprove that this might be so. In one 
experiment we observed a relaxation of a segment of intestine (which
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had been made hypermotile by injections of neostigmine) with enteral 
doses of the drug that did not abolish the cardiac responses to vagal 
stimulation. If it is true that effectors other than the gut (e.g.. the heart, 
salivary glands and ciliary muscle) are relatively insensitive to the drug, 
then indirect tests for the efficacy of orally administered drug involving 
responses of these effectors may not be valid, even though it is possible 
to produce fleeting effects on, say, the heart rate by giving the drug 
parenteraily. The weak and inconstant effect after the drug orally on 
heart rate of dogs is in accord with the findings on heart rate in man 
(Herxheimer & Haefeli, 1966). Unfortunately, these authors base their 
conclusions on the lack of efficacy of the drug orally entirely on effects 
which are unrelated to the therapeutically desired actions on :he gastro­
intestinal tract, and which would have amounted to side-effects if they had 
occurred.
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The guinea-pig isolated vas deferens: a method for 
increasing sensitivity to drugs
N. B. T H O A  A N D  G. D. M A E N G W Y N -D A V IE S

A  preparation of the guinea-pig vas deferens was developed in which it was opened 
along its length. It was sufficiently sensitive to obtain reproducible dose-response 
curves to acetylcholine, noradrenaline, histamine, nicotine, 5-hydroxytryptamine and 
potassium chloride; it was more sensitive than the unopened vas deferens.

THE isolated hypogastric nerve-vas deferens preparation (Hukovic,
1961) has been widely used for physiological and pharmacological, 

investigations. The mixed pre- and post-ganglionic nature of the hypo­
gastric nerve and the proximity of the ganglia to the wall of the organ 
(Sjostrand, 1962; Ferry, 1963; Ohlin & Stromblad, 1963) led to the 
development of a method for transmural stimulation to obtain a prepara­
tion stimulated through its post-ganglionic nerves (Birmingham & Wilson,
1963). Even when stripped of its mesenteric investment this adrenergic- 
ally innervated organ is comparatively insensitive to exogenously applied 
drugs, and has therefore been rarely employed except in conjunction with 
hypogastric nerve or transmural stimulation (Bentley & Sabine, 1963; 
Birmingham, 1966). We have been able to modify this preparation, 
making it sufficiently sensitive for the study of drugs in the absence of 
electrical stimulation.

Experimental
Vasa deferentia from albino guinea-pigs (250—350 g), killed by cervical 

dislocation and bled by section of the carotid ateries, were isolated 
without dissection of the hypogastric nerve; the organs were carefully 
freed of the mesenteric investment according to the method of Bentley & 
Sabine (1963). Next, one blade of a pair of fine scissors was inserted 
into the urethral end of the lumen and the organ cut open longitudinally. 
The inside surface of the opened vas was carefully scraped free of mucila- 
genous material. The preparation was placed in a 5 ml organ bath, 
containing modified Krebs Ringer bicarbonate buffer (Hukovic, 1961), 
prepared with distilled, demineralized water and aerated with 5% carbon 
dioxide in oxygen. The temperature was kept at 37 ±  0-5°. Tension, 
200-300 mg, was applied to the organ.

At the beginning of each experiment the preparation was permitted 
to equilibrate for 1  hr, during which period the bath fluid was exchanged 
three to four times by bottom drainage. Dose-response curves to 
acetylcholine, noradrenaline, histamine and potassium chloride were 
obtained by adding doses every 4 min and washing repeatedly between 
each application. Doses of 5-hydroxytryptamine (5-h t ) and of nicotine 
were added at 20- and at 90-min intervals, respectively. The agonists 
were randomly alternated in successive experiments. Between each dose- 
response curve a washing and resting period of 1 0  to 2 0  min was inter­
posed. The maximum contractile responses were recorded as grams of

From the Department of Pharmacology, Georgetown University, Schools of 
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tension by a Grass force transducer (FT-03) using a Grass or Sanborn 
polygraph.

The compounds studied, expressed as salt concentrations per ml of 
bath fluid, are: Acetylcholine bromide (Eastman Organic Chemicals, 
Inc.), histamine dihydrochloride (Mann Research Laboratories), (—)- 
noradrenaline bitartrate (Sterling Winthrop Research Institute), nicotine 
hydrogen tartrate 2HaO (British Drug Houses), 5-ht creatinine sulphate, 
H20  (Mann Research Laboratories) and potassium chloride (reagent 
grade, Fisher Scientific Co., Inc.). Concentrated stock solutions were 
made in distilled, demineralized water except that of noradrenaline which 
was dissolved in OT n  HC1; they were frozen between use and stored no 
longer than 10 days. Appropriate serial dilutions were made with the 
Krebs buffer. Linear regression analysis of the results was obtained by 
the method of least squares (Snedecor, 1956), using an Olivetti Underwood 
Programmer 101, programmed by the manufacturer.

Results
The preparation contracted maximally to all agonists within 1 min 

except to 5-ht for which 2-3 min were required. Contractions to each 
agonist declined quickly, even before washing, except to nicotine which 
caused a contraction lasting up to 1 min, and to 5-ht which sometimes 
induced long lasting rhythmic waves of contractions. The results are 
summarized in Fig. 1.

N. B. THOA AND G. D. MAENGWYN-DAVIES

F i g . 1. D ose-response curves w ith regression lines, ob ta ined  by least squares 
calculations, to  acetylcholine (A C h •  slope ± s.e. 2-00 i  0T3), norad renaline  
(N  □  2-50 ±  0-24), histam ine (H IST  A  3-21 ±  0-26), nicotine (N IC  •  2-88 ±  
0-08), 5 - h t  ( 5 - h t  O 1-5 ±  0-13) and  KC1 ■  5 -9 1  ±  0-46) are depicted. The 
figures in  brackets indicate the  num ber o f  organs studied  fo r each po in t show n fo r 
each line. T he dose-response regression line to  n icotine was ob tained, using single 
organs o f  anim als weighing over 300 g.
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GUINEA-PIG ISOLATED VAS DEFERENS

As can be seen, the steepest slope was obtained with potassium chloride 
which was significantly greater than that obtained with histamine 
(P <0-01). The dose-response curve to noradrenaline had a slope similar 
to that to acetylcholine, and was significantly lower than that to histamine 
(P <0-001). Although the curve to 5-h t  appears flatter (Fig. 1), the differ­
ence in slope when compared with noradrenaline was not significant 
(P<0-1).

The tissue was most sensitive to acetylcholine, which produced con­
tractions at concentrations as low as 0-1 /xg/ml. Noradrenaline, at a 
concentration of 0 - 2  ¿ug/ml, consistently produced a contraction, whereas 
it was necessary to use 2/xg/ml of histamine and as much as 40/xg/ml of 
nicotine and 5-h t . Potassium chloride at its threshold concentration, 
7,500 to 10,000 times that of acetylcholine, produced a very brisk 
response. If left in contact with the tissue for a longer period, potas­
sium chloride often induced secondary contractions; therefore, it was 
washed out immediately after a response was observed. All dose- 
response curves were reproducible, except that not every vas responded 
equally well to 5-h t  and to nicotine. The contractile responses to
5-h t  were greater in organs of animals weighing less than 275 g, while 
nicotine produced greater contractions in organs taken from guinea-pigs 
weighing more than 300 g. The regression line to nicotine was obtained 
using organs only of animals weighing over 300 g.

When the vas was stripped but not opened and scraped, much higher 
concentrations of all agonists had to be applied, and these concentrations 
often induced spontaneous waves of contractions which persisted even 
after repeated washing. Under these conditions reproducible dose- 
response curves could not be obtained.

Discussion
The opened and scraped vas deferens of guinea-pigs can be used to 

obtain reliable dose-response curves to acetylcholine, noradrenaline, 
histamine, nicotine, 5-h t  and potassium chloride. With the exception 
of 5-h t  which sometimes induced rhythmic contractions, washing of 
the preparation after agonist administration produced a rapid return to 
the baseline. These findings are in contrast to those of Ohlin & Strômblad
(1963) who showed that noradrenaline and acetylcholine induced spon­
taneous movements in vasa deferentia, even at 31°. Laporte, Jané & 
Valdecasas (1966) studied guinea-pig vasa deferentia at 30° and reported 
that 5-h t  did not produce a contractile response. Furthermore, their 
preparation, which was not stripped, was considerably less sensitive than 
the stripped and opened organ. They reported an ED50 for acetylcholine 
of 2 jug/ml and for noradrenaline of 5 /xg/ml, while our results showed the 
opened vas tc be approximately 10 times more sensitive. The ED50 of 
our preparation was 0-3 p-g/ml for acetylcholine and 0-6 jug/ml for 
noradrenaline. The opened vas deferens thus is a reliable and sensitive 
preparation which permits the study of effects of drugs on this smooth 
muscle.
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Cortisone acetate crysta l form s

Sir ,— D ifferent crysta lline form s o f  cortisone acetate have been distinguished 
by several workers (see Table 1). U n fo rtuna te ly  the various methods used to  
investigate them have often prevented corre la tion  w ith  previous w o rk , so tha t a 
single fo rm  m ay have received several d ifferent designations. This is exem pli­
fied by  the hydrated fo rm  recently described by Carless, M ousta fa &  Rapson 
(1968a, b) as fo rm  IV * ,  apparently on the basis o f  sim ilarities between its 
in fra red spectrum and tha t o f the ir fo rm  IV . In  fact, exam ination o f  th is 
spectrum (M ousta fa  &  Rapson, personal com m unication) showed i t  to  be 
identical w ith  tha t o f  a fo rm  described as fo rm  V I  (Mesley, 1966), the X -ray  
d iffrac tion  patte rn o f w h ich agrees w ith  one listed in  the X -ra y  Powder D a ta  
F ile  as fo rm  y  (card 10-559) and w ith  fo rm  V  o f  W illiam s (1961) and fo rm  5 o f 
M a jek  (1951, 1954). The m ethod o f  preparation and the ra ther sparse X -ray  
data given by M agerle in, Da le &  W achtel (1958) fo r  the ir fo rm  A  suggest tha t 
th is again is the same fo rm , a lthough this is denied in  the patent specification. 
Table 1 represents an attem pt to  corre late a ll those form s about w h ich data 
have been published.

T A B LE  1. CRYSTAL FORMS OF CORTISONE ACETATE PREVIOUSLY REPORTED

a b c d e f g Solvent

I III III a 2 II ___

II II II p 1 I B —

III I I 3 C —

rv IV IV E ethanol
IV* VI Y 5 V A water
V V V F methanol

VII tetrahydrofuran/water?
VIII S dimethylacetamide

VI acetone
VII dimethylformamide

N otes
a Carless, Moustafa & Rapson (1966, 1968a). 
b Callow &  Kennard (1961). 
c Mesley & Johnson (1965); Mesley (1966).
d X -ray  Powder Data File (methods of preparation of E & F transposed), 
e Majek (1951, 1954). 
f Williams (1961). 
g Magerlein, Dale & Wachtel (1958).
Other solvated forms have been obtained from methyl ethyl ketone, n-propanol, isopropanol, glacial 

acetic acid, dioxan and diethyl ether (Kuhnert-Brandstatter & Grimm, 1968).

I t  is generally accepted tha t m any o f  these form s conta in  solvent and are 
therefore n o t s tr ic tly  po lym orph ic  m odifications. Recently, however, K uhne rt- 
B randstatter &  G rim m  (1968) have prepared a large num ber o f  solvated form s 
and have disputed earlier results re la ting to  some o f  them. In  pa rticu la r they 
c la im  tha t form s IV  and V , stated by  C a llow  &  K ennard (1961) and by Carless 
&  others (1966) to  be hydrated, in  fact con ta in  ethanol and m ethanol respectively, 
and tha t fo rm  I I I  o f  the la tte r workers (C a llow ’s fo rm  I)  is a hydrate. The 
assertions regarding form s IV  and V  appear to  be c o rre c t: these form s have been 
prepared using anhydrous ethanol and m ethanol respectively, and the vapours 
evolved on heating have been examined by  in fra red  spectroscopy, using a m u lti­
reflection gas cell o f  one m etre pa th leng th ; in  each instance the vapour was 
found  to  be the pure alcohol. The m olecular weight and elemental com position 
quoted by C a llow  &  K ennard (1961) w ou ld  be consistent w ith  one molecule o f 
solvent per molecule o f  cortisone acetate in  each form .

The statement by Kuhnert-B randsta tte r &  G rim m  (1968) tha t fo rm  I I I  is a 
hydrate, apparently based solely on the evo lu tion  o f  bubbles when the crystals 
were heated in silicone o il, cannot be supported. Th is fo rm  has been prepared
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by recrysta llization from  30% water in acetone, g iving a product w ith  an infrared 
spectrum identical w ith  tha t o f Carless &  others (1966) and an X -ray  pattern 
agreeing w ith  tha t o f C a llow  &  Kennard (1961). D iffe ren tia l scanning ca lo ri­
m etry confirm ed the findings o f Carless &  others in showing no trans ition  con­
sistent w ith  evo lu tion o f w a te r; a small, very broad, endotherm ic transition 
below 55°C was confirm ed by in frared exam ination o f the vapour as being due 
to  rem oval o f traces c f  acetone fro m  the surface o f the crystals (there was no 
evidence fo r the presence o f the acetone solvated fo rm  in  th is sample).

Several other solvated form s have been prepared, and found  to  agree w ith  
previously published data. However the m aterial obtained by recrysta llization 
from , o r evaporation c f, a te trahydrofuran solution is apparently d iffe rent from  
tha t reported by K uhnert-B randsta tter &  G rim m  (1968). These workers reported 
in frared absorptions due to  O H  and C = 0  groups at 3375, 1750, 1725 and 1708 
cm -1, whereas ou r m ateria l, previously designated fo rm  V I I  (Mesley, 1966) 
had absorptions at 3290,1739, 1724 and 1701 cm “ 1. In  addition, when obtained 
by evaporation o f te trahydro furan so lu tion in a current o f air, a peak at 3640cm“ 1 
was present; th is frequency is im probab ly high fo r  an organic hyd roxy l group 
in a crystalline solid, and is a ttribu ted to  inclusion o f water molecules in  a 
cla thrate type o f structure. W hether this fo rm  also contains tetra rydro fu ran 
has no t been established w ith  certainty.

I t  was noted during this w o rk  tha t some o f the solvated form s were unstable 
after g rind ing w ith  liq u id  paraffin. In  pa rticu lar the form s obtained from  
acetone, te trahydrofuran and isopropanol solutions, when examined as N u jo l 
m ulls, showed spectral changes over a period o f 30 m in  o r less. This pheno­
menon has been observed occasionally w ith  other po lym orph ic substances, but 
despite this the N u jo l m u ll m ethod is s till considered to  be preferable to the 
a lka li halide disc m ethod fo r exam ining po lym orph ic  substances.

Thanks are due to  D r. B. F laherty  fo r  carry ing ou t the d iffe rentia l scanning 
ca lorim etry and to  M r. R. W . M artinda le  fo r  recording X -ra y  powder d iffrac tion  
patterns.

Labora to ry  o f the Governm ent Chemist, R. J M e s l e y

C ornw a ll House,
S tam ford Street, London, S .E .l.
London, S .E .l, England.
August 21, 1968
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The effect of probenecid on the elimination from CSF of intraventricularly injected 
5-hydroxyindoleacetic acid in normal and hydrocephalic dogs

Sir ,— I n earlier investigations (Andersson &  Roos, 1968 a, b) we examined 
the e lim ination  o f  5-hydroxyindoleacetic acid (5 - h i a a ) fro m  cerebrospinal flu id  
( c s f )  in  norm al and hydrocephalic dogs after intravenous in jection o f  the 
precursor 5-hydroxytryp tophan (5 - h t p ). The current investigation is a fu rthe r 
attem pt to  get in fo rm a tio n  about this prob lem  using in traven tricu la r in jection 
o f 5 -h i a a  w ith  and w ith ou t pretreatm ent w ith  probenecid. Probenecid has 
been shown no t on ly  to  reduce the renal excretion o f 5 -h i a a  (Despopulos &  
Weissbach, 1957) bu t also to  decrease the ou tflow  o f this acid fro m  the b ra in  
and cerebrospinal flu id  (Neff, Tozer &  Brodie, 1964; Guldberg, A shcro ft &  
C raw ford , 1966; W erdinius, 1967).

Twelve m ongrel dogs o f d ifferent ages were used. Hydrocephalus was induced 
in fo u r dogs about tw o weeks before the actual investigation, using the kao lin  
m ethod o f  Andersson (1968). The animals were kept under pentobarbitone 
anaesthesia during the experiments.

A fte r puncture o f a lateral ventricle, 5 5 -h i a a , and in one experiment 5 ^.g 
5-hydroxytryptam ine (5 - h t ) ,  in  0-2 m l saline was injected. One m l o f  c s f  was 
removed at regular intervals from  hydrocephalic dogs by puncture o f  the con­
tra la tera l ventricle and fro m  norm al animals by percutaneous puncture o f the 
cisterna magna. In  one hydrocephalic dog it  was possible to  obtain cisternal 
c s f  at the end o f  the experiment. In  separate experiments c s f  was taken at 
regular intervals fro m  the ventric le o f a norm al dog after an in traven tricu la r 
in jection o f 5 -h i a a  and in  another fro m  the cistern after a cisternal in jection. 
In  one group (3 norm al and 2 hydrocephalic dogs) the experiments were made 
30 m in  after intravenous in jection o f  probenecid (50 m g/kg body weight).

5 -h i a a  and 5 -h t  were determined according to  A shcro ft &  Sharman (1960), 
Roos (1963), Andén &  Magnusson (1967) and W erdin ius (1967).

The mean value o f 5 -h i a a  in  the ventricle o f the norm al dog is 0T 9  ±  0-02 
/tg /rn l (Andersson &  Roos, 1968 b). In traven tricu la r in jection o f 5 -h i a a  to  
norm al dogs caused a slight increase o f the acid in the cisternal c s f . The 
highest concentration was observed in the samples taken 30 m in  after the 
in jection (F ig. la ). A fte r pretreatment w ith  probenecid there was a higher
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concentration  o f  5-hiaa  30 m in after the injection and  the re tu rn  o f  the con ­
cen tration  to  w ithin norm al levels did n o t occur over 5-5 h r  (Fig. lb).

After intraventricular injection of 5-hiaa  to hydrocephalic dogs, the con­
centration of this acid much increased and the subsequent decrease was slow. 
The level of 5-hiaa 180 min after its administration was still about twice that 
before the injection (Fig. la). After pretreatment with probenecid, the 
5-hiaa  concentration at the various intervals was about the same as in 
animals which had not received probenecid (Fig. 1 b). From these data it 
appears that in the normal animal the elimination of 5-hiaa  in csf  is reduced by 
probenecid; this is in agreement with earlier findings (Guldberg & others 1966; 
Bowers & Gerbode, 1968). In the hydrocephalic animals, however, where it 
has been suggested that the elimination of 5-hiaa  is decreased (Andersson, 
1968; Andersson & Roos, 1968 b), probenecid had no detectable influence upon 
the levels of this acid after intraventricular injection. If the decrease in elimina­
tion of 5-hiaa in csf  in hydrocephalus depends on some disturbance in the active 
transport mechanism, as suggested by Pappenheimer (1961), a mechanism 
sensitive to probenecid (Guldberg & others, 1966), our findings could be ex­
plained by the hypothesis that in hydrocephalus little if any of the mechanism 
remains for the probenecid to act upon.

The marked initial rise of the 5-hiaa  after the intraventricular injection of the 
acid to hydrocephalic cogs together with the delayed decrease of the values, also 
supports the hypothesis of a decreased elimination of 5-hiaa  in this condition. 
In one hydrocephalic dog it was possible to determine simultaneously 5-hiaa  in 
the ventricle and in the cistern 4 hr after the injection of 5-hiaa . The finding 
that the concentrations were the same in both spaces again lends support to the 
hypothesis.

The samples were taken cisternally in the normal dogs and ventricularly in the 
hydrocephalic dogs. Accordingly control experiments were made (a) where 
5-hiaa  was injected intraventricularly to a normal dog and the concentration 
of the acid in the ventricular csf  followed at regular intervals and (b) where the 
acid was injected intracisternally and followed by determining the cisternal 
concentrations (Table 1). Only a moderate increase in 5-hiaa  level could be 
detected in these two normal dogs.

T A B LE  1. THE LEVEL OF 5-HIAA OVER 150 MIN IN THE CSF OF A DOG INJECTED WITH 
THE ACID INTRAVENTRICULARLY AND THE VENTRICULAR CSF LEVEL 
MEASURED, AND OF A DOG INJECTED INTRACISTERNALLY AND THE CIS­
TERNAL CSF LEVEL MEASURED

LETTERS TO THE EDITOR, J. Pharm. Pharmac., 1968, 20, 880

5-h ia a  in csf (,ti.g/ml)

O min 30 min 90 min 150 min
Dog 1 (ventr.-ventr.) 0-25 0-29 0-36 017
Dog 2 (cistern.-cistern.) .. 005 0-21 012 O il

No 5-h t  could be detected in the csf  of the normal dog. Intraventricular 
injection of the amine to the animal caused a slow rise in the concentration of 
both 5-h t  and 5-hiaa in the cisternal c s f . The highest levels of both amine and 
acid were found in the sample taken 30 min after the injection (0-03 /xg/ml for 
5-h t  and 0-27 /xg/ml for 5-hiaa). It is apparent from this that 5-h t , penetrating 
into the brain tissue surrounding the ventricles (Fuxe & Ungerstedt, 1967), 
where the enzymes necessary for the formation of 5-hiaa  are found, is rapidly 
eliminated from c sf , and, in agreement with earlier suggestions, the elimination 
of 5-hiaa  is also rapid (Guldberg & others, 1966; Andersson & Roos, 1968 a).
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The effect of promethazine on the antinociceptive actions of some narcotic 
analgesics

S ir ,— M oore &  Dundee (1961) showed tha t the c lin ica l effectiveness o f 
pethid ine as an analgesic was reduced when given in  association w ith  p ro ­
methazine. Siker, W olfson, &  others (1966) confirm ed this find ing  in  man by 
tests w ith  an ear lobe algesiometer. M oore  &  Dundee also reported tha t 
promethazine had a hyperalgesic effect.

Dundee (1960) and C lu tton -B rock  (1960) had previously found tha t th io ­
pentone and pentobarb itone w ou ld  reduce the effectiveness o f pethid ine and 
were hyperalgesic. Neal (1965) was able to  demonstrate, in  mice, a reduction 
o f  the antinociceptive ac tiv ity  o f m orphine and pethid ine w ith  thiopentone and 
other barbiturates. He showed also tha t the barbiturates were hyperalgesic in 
mice.

W e have tried  to  show an antagonism o f the antinociceptive action o f  pe th i­
dine and other analgesics in  m ice using an electroshock m ethod devised by 
Reinhard &  DeBeer and described by Burn , F inney &  G oodw in  (1950).

SASTO stra in female mice weighing between 15 and 20 g were firs t tested to  
ensure tha t they w ou ld  vocalize in  response to  electroshocks applied at 1 sec 
intervals to  the ir tails. A nim als wh ich d id  no t respond to  five o r fewer shocks 
were rejected.

G roups o f  ten mice were given subcutaneous injections o f either saline o r a 
so lu tion  o f prom ethazine hydroch loride  ( lO m g /kg ) 15 m in  before the sub­
cutaneous in jection  o f  the analgesic. T h ir ty  m in  la ter the animals were again 
tested fo r  a vocalizing response to  the electroshocks. Fa ilure to  respond to  
five m ore shocks than were previously required to  induce a response was our
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T A B LE  1. THE EFFECT OF PROMETHAZINE ON THE ANTINOCICEPTIVE ACTION OF 
ANALGESICS
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Drug
Mean ED50 
mg/kg s.c. s.d.

No. of 
experiments s.e. Probability

Diamorphine HC1 1-9 0-3 7 0 1
<0 001

„ „ after promethazine .. 2-9 0-5 7 02

Morphine sulphate 7-7 1-8 8 06
<0001

„ „ after promethazine .. 121 2-5 8 0 9

Codeine phosphate 73 12 7 45
<0001

,, ,, after promethazine .. 121 19 7 7-2

Pethidine HC1 29 6 9 o
> 005

„ ,, after promethazine 32 7 9 3-5

selected end po in t fo r  antinociception fo r  tha t anim al. F rom  the dose response 
curve, the dose o f  analgesic causing abo lition  o f  response in 50% o f  the animals 
(ED50) was measured Each determ ination o f  ED 50 was repeated at least 
seven times.

Promethazine itself had no measurable effect on the nociceptive response at 
doses ranging fro m  2-5 to 40 m g /k g ; i t  caused neither analgesia no r hyperalgesia. 
The mean num ber o f  shocks required to  produce a vocalizing response in 80 
mice treated w ith  saline was 2-78 ±  0-4. The mean num ber required to  produce 
a response in 80 mice treated w ith  promethazine hydroch loride 10 mg/kg was
2-82 ±  0-5.

The results in Table 1 show that although promethazine antagonizes the an ti­
nociceptive actions o f  codeine, m orphine and diam orphine in  mice in this test, 
it  does no t show a significant effect on pethidine.

A c k n o w le d g e m e n t .  W e thank M ay &  Baker L td . fo r  g ifts o f pethid ine and 
promethazine.

D epartm ent o f  Chem istry and B io logy,
B ark ing Regional College o f  Technology,
Longbridge Road,
Dagenham, Essex,
England.
September 3, 1968 
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A  fu rthe r application o f the open-ended cap illa ry  method fo r measuring diffusion 
coefficients

Sir ,'—At the 1966 British Pharmaceutical Conference we described two methods 
for studying the tracer diffusion of sodium- 2 2  in protein solutions and phospho­
lipid sols, which were based on the open-ended capillary method of Anderson 
and Saddington and on the continuous monitoring method of Mills (Castleden 
& Fleming, 1966). These techniques suffered from the limitation that it was 
necessary to use an isotope with radiation sufficiently strong to penetrate the 
walls of the capillary and the metal surrounding the sodium iodide crystal of 
the scintillation counter. Preliminary experiments, in which the fluid surround­
ing the capillary has been analysed for radioactivity, have shown that this 
modification makes the above methods more versatile; for instance, it is possible 
to use tritium or carbon-14 labelled substances (or a mixture of both).

Using the Anderson and Saddington technique, we set the apparatus up 
as before, except that only one capillary was immersed in the inactive bulk 
solution. At various times, t, the activity of the bulk solution, C, was estimated 
by withdrawing 0-5 ml samples and assaying them for radioactivity using a 
liquid scintillation counter (Packard 3015). At the end of the experiment the 
contents of the capillary were added to the bulk solution, and after thorough 
mixing, its activity was determined and used to calculate the initial activity, C0, 
at time t =  0. The relation between C, C„, and Ct, which is the activity remain­
ing in the capillary at time, t, is given by the expression: Ct =  C0 — C. Log 
Ct is linearly related to t, and the diffusion coefficient, D, was calculated as 
described previously. It was found that the accuracy was improved by weighing 
the samples into the counting vials, and this was done with the alanine experiment.

Table 1 shows values obtained for the diffusion coefficients of sodium-22 in 
sodium chloride solution, and of carbon-14 labelled alanine in alanine solution. 
From the results we conclude that a suitable method based on the above tech­
nique can be developed for studying the diffusion of compounds labelled with 
weak /3-emitter isotopes.

LETTERS TO THE EDITOR, J. P h a r m . P h a r m a c ., 1968, 20, 883

T A B LE  1. DIFFUSION COEFFICIENTS OF SODIUM-22 IN SODIUM CHLORIDE AND OF 
ALANINE IN ALANINE SOLUTIONS

Experiment 1
i Compound Concentration DxlO5 cm2 sec-1

1 ..................................... —! NaCl 0 1 m 1-27.
2 ..................................... NaCl 0-1 M 1 -31 o
Mills & Godbole (1958). . NaCl 0-lM 1 -277„
3 ..................................... Alanine 1% 0-4765
Longsworth (1952)* DL-3-alanine 0-618% 0-45

■> DL-a-alanine 0-624% 0-4317

* As there are no values for the self-diffusion coefficient of alanine in the literature, we quote the diffusion 
coefficient determined by Longsworth (1952) to indicate the order of magnitude to be expected.

The School of Pharmacy, Jennifer A. Castleden
University of London, R. Fleming
29-39 Brunswick Square,
London, W.C.l, England.
August 14, 1968
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Tolerance experiments with barbitone-dependent rats
Sir ,— R ecently U ngar &  Cohen (1966) found  that m orphine tolerance cou ld 

be transferred to  mice by the in jection o f  a b ra in  extract prepared fro m  m orphine- 
to le rant rats o r dogs. I t  has also been reported tha t the resp ira tion o f  bra in  
slices removed fro m  m orphine-to lerant rats is re fracto ry  to  the depressant effect 
o f  m orphine (Takem ori, 1961; 1962). A do p tin g  experimental procedures 
s im ila r to  those o f the above authors we have looked at barb itu rate tolerance in  
experiments w ith  barbitone-dependent and barb itone-w ithdraw n rats.

Female W is ta r rats, about 50 g at the beginning o f  the experiment, were 
made dependent on barbitone by the adm in is tra tion  o f  up to  400 m g/kg/day 
barbitone sodium  in  the d rink in g  water over a five week period. W ithd raw a l 
was effected by  replacing barbitone so lu tion  by  d rink in g  water. C on tro l 
animals received d rink in g  water throughout. A n im als were k ille d  after five 
weeks o f  barbitone treatm ent o r 48 h r after w ithdraw al.

G roups o f  m ice were injected in traperitoneally  w ith  a whole b ra in  homogenate 
(0-5 m l/25 g) prepared fro m  barbitone-dependent, w ithdraw n o r con tro l rats. 
Each m l o f homogenate contained 400 mg o f  b ra in  in  norm al saline. E ithe r 
3 o r 24 h r a fte r adm in is tra tion  o f  the homogenate, the sleeping tim e after in tra - 
peritoneal in jection  o f 100 m g/kg hexobarbitone sodium  was measured. A t  
the same tim e hexobarbitone metabolism  in  v i t r o  was assayed on liver m icro­
somal preparations fro m  other groups o f s im ila rly  treated mice. The m ethod 
used involved the determ ination o f the m etabolite form ed fro m  EH-labelled 
hexobarbitone.

R espira tory rate was measured by  conventional m anom etric techniques. 
T w o  cortica l slices, one fro m  each hemisphere, were placed in  each flask and 
after an in it ia l equ ilib ra tion  period o f  15 m in  at 37° resp ira tion was measured 
over 60 m in. The effect o f barbitone (5 X 10_3m) was measured on the respira­
tio n  o f  bo th  unstim ulated and stim ulated (0 -Im KC1) cortica l slices taken from  
barbitone-dependent, w ithdraw n and con tro l rats.

A ltho ug h  U ngar &  Cohen (1966) found that pentobarb itone tolerance was 
no t transferred, the ir m ethod o f producing tolerance was such tha t i t  is un like ly  
tha t the tolerance observed was due to  a central mechanism bu t rather tha t the 
drug stim ulated the ac tiv ity  o f  enzymes concerned w ith  its metabolism. O ur 
m ethod to  produce physical dependence on barbiturates was that firs : described 
by Crossland &  Leonard (1963) w ho showed tha t a characteristic w ithdraw al 
syndrome developed on cessation o f barbitone adm in istra tion .

T A B LE  1. HEXOBARBITONE SLEEPING TIME AND RATE OF HEXOBARBITONE OXIDATION 
in  v i t r o  BY LIVER MICROSOMES OF MICE TREATED WITH RAT BRAIN 
HOMOGENATE

Pretreatment
(hr)

Type of brain homogenate

Control
Barbitone-
dependent Withdrawn

Sleeping time (min) 3 61 ±  20(8) 56 ±  14(8) 49 ±  13(8)
Sleeping time (min) 24 66 ±  20(8) 46 ±  15(8)* 55 ±  16(8)
Hexobarbitone metabolism1 24 2-8 ±  0-9(4) 3-8 ±  0-9(4)

* P <  0 05.
1 (j.moles hexobarbitone oxidized/9,000 g supernate from 1 g liver/30 min.
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T A B LE  2. EFFECT OF BARBITONE (5 X 10-3M) ON THE RESPIRATION OF BRAIN SLICES 
OF BARBITONE-DEPENDENT AND WITHDRAWN RATS

LETTERS TO THE EDITOR, J. Pharm. Pharmac., 1968, 20, 885

Oxygen uptake (txM /g/hr)

Incubation conditions Control Barbitone-dependent Withdrawn
Unstimulated 49-0 ± 2 50-4 ± 9 50-0 ± 3Unstimulated + barbitone 40-3 ± 7 41-3 ± 6 39-8 ± 5Stimulated1 85-3 ± 4-5 90 2 ± 9 83-9 ± 6Stimulated + barbitone .. 48-4 ± 7-5 51 6 ± 12 54-3 ± 12

1 Incubations carried out in the presence of 0-1m  KCI.Figures denote mean ± standard deviation of six observations.

W e fin d  hexobarbitone sleeping tim e to  be reduced in  mice w h ich  24 h r 
previously had been injected w ith  b ra in  homogenate prepared fro m  barbitone 
dependent rats (Table 1). Since the injected b ra in  extract m ight have affected 
the ac tiv ity  o f  hepatic drug-m etabolizing enzymes the a b ility  o f  m icrosom al 
preparations to  oxidize hexobarbitone in  v i t r o  was measured in  th is group o f 
mice. The fact tha t this ac tiv ity  was somewhat elevated suggests the possi­
b i l ity  tha t the reduction in  sleeping tim e was due to  a s tim ula tion  o f  hexo­
barb itone ox ida tion  and n o t to  a reduced sensitiv ity o f  the b ra in  to  barb itu rate. 
Support fo r  th is view  comes fro m  the observation tha t the barb itone sleeping 
tim e (250 m g/kg i.p .) was the same in th is group o f  mice (210 ±  23(8) m in ) as 
in  the con tro l group (205 ±  18(8) m in ). I t  is possible tha t this enzyme 
induction  m ay have been brought about by the barbitone present in  the bra in  
homogenate fro m  barbitone-treated rats.

The resp ira tory rate o f co rtica l slices removed fro m  barbitone-dependent o r 
w ithdraw n rats was the same, and was stim ulated to  the same extent by OTm  
K C I, as those taken fro m  contro ls (Table 2). B arb itone depressed unstim ulated 
resp ira tion by about 20% and K C I stim ulated resp iration by about 40%, again 
there being no difference between the results obtained w ith  slices from  the 
3 k inds o f experimental animal. The greater sensitiv ity o f stim ulated respira­
t io n  to  barbiturates is w e ll know n (M c llw a in , 1953, G hosh &  Quastel, 1954).

A c k n o w le d g e m e n t .  The technical assistance o f M rs. A . Reekie and M iss A . 
W in te rb u m  is gra te fu lly appreciated.
D epartm ent o f Pharmacology, M . J. Turnbull
U n ivers ity  o f Dundee, I .  H . Stevenson
Scotland.

September 3, 1968 
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M o is tu re  permeation through polymer films

Sir ,— Based on F ic k ’s law o f  d iffus ion and H enry ’s law, the movement o f  a 
gaseous permeant through a film  m ay be expressed as (Kum ins, 1965):

W  _  P  

A t \ p  t
( 1 )

where W  is the weight o f  permeant passing through the film  in  g/hr, A  is the area 
o f the film  in  cm2, A p  is the pressure gradient across the film  in  m m  Hg, P  is the 
perm eability coefficient in  g /h r/cm /m m  Hg, and t  is the film  thickness in  cm. 
In  a previous paper concerned w ith  the transmission o f water vapour th rough

W
polym er film s (Banker, G ore &  Swarbrick, 1966), the te rm —-r—was referred

A / \ p
to  as R w vt, the rate o f water vapour transmission, w ith  units o f g /h r/cm 2/m m  Hg. 
S ubstitution o f this term  in to  equation 1 leads t o :

P =  K v f t  ....................................  (2)

A ccord ing to  equation 2, the product o f R mvt and t  w ill be constant i f  the film  
system is behaving in  accordance w ith  F ick ’s and H enry ’s laws. G raph ica lly , a 
p lo t o f  R wvt v i t  w ill result in  a hype rbo la ; when p lo tted  on a log-log basis, 
a stra ight line w ith  a slope o f — 1 w ill result. This ideal system is shown in  
Fig. 1A, IB , line I I .  M o istu re  perm eation data g iv ing p lots o f log R wvf v s  
log t w ith  a slope o f less than — 1 (line I,  F ig. 1 A , IB ) indicates tha t the effect o f 
increasing film  thickness is no t as predicted by F ick ’s and H enry ’s laws. In  
this case, m oisture is permeating the f ilm  at a rate faster than w ou ld  be expected. 
Conversely, data resu lting in  log-log slopes o f greater than — 1 (line I I I ,  F ig. 1A, 
IB ) are indicative o f  systems transm itting  m oisture at a rate below that predicted 
by equation 2 as the film  thickness is increased.

I f  perm eation is proceeding in accordance w ith  equation 2, then P  w ill be 
independent o f t . F igure 1C shows the re la tion  obtained when the data used in 
F ig. 1A and IB  is p lo tted  in this manner. W ith  the accelerated transm ission o f 
system I ,  P  exhibits a positive devia tion w ith  increasing thickness. A  negative 
deviation is shown by system I I I .  O n ly in  the case o f system I I ,  which is ideal, 
is P  tru ly  independent o f t.

I t  is reasonable to  suppose that, in  these theoretical examples, the po lym er 
film s exemplified by system I  have an a ffin ity  fo r  m oisture w h ich is no t taken 
account o f by F ic k ’s o r H enry ’s laws. Likewise system I I I ,  where the data 
im p ly  an active repulsion between water molecules and the film . In  bo th  cases, 
the closer the log-log slopes are to  — 1, the m ore ideal is the film .

In  a previous investigation on the water vapour transmission properties o f 
three po lym er f ilm  systems (Banker &  others, 1966), linear log-log relations 
typ ica l o f system I  were observed. W ith  hyd roxyp ropy l cellulose film s and 
m ixed M e tho ce l: E thocel film s, bo th  re la tive ly hyd roph ilic  systems, the slopes 
ranged from  —0-389 to —0-468. W ith  the m ore lipo p h ilic  b u ty l m ethacrylate 
film s the slopes ranged fro m  —0-672 to  —0-701. The present authors have 
found  a s im ilar log-log re la tion w ith  cast film s o f cellulose acetate hydrogen 
phthalate (CAP, Eastman Organic Chemicals, N o . 4642) plasticized w ith  d iethyl 
phthalate. The results are presented in  Table 1. In  a ll cases the slope values 
are less than «*4  and are o f  the same magnitude as the other cellulosic film s 
studied previously.

Taken as a whole, these results indicate tha t the greater the a ffin ity  o f  m oisture 
fo r  the po lym er f ilm  system, the greater w ill the water transmission data deviate
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Fig. 1. Water vapour transmission through ideal and nonideal polymer films.
A. Effect o f film  thickness on rate o f water vapour transmission. System I  

shows positive deviation (accelerated permeation) from  equation 1; system I I  is 
ideal, conforming to equation 1; system I I I  shows negative deviation (retarded 
permeation) from  equation 1.

B. Data in A  plotted on log-log basis. Slopes are —0-5, —10, and —2-0 for 
systems I, I I ,  ar d H I, respectively.

C. Effect o f film  thickness on permeability coefficient. Based on data used in A.
D . Variation o f log permeability coefficient w ith temperature at a film  thickness 

o f 0-0064 cm and a vapour pressure difference o f 17-5 mm Hg. Key: n-butyl 
methacrylate, O ; cellulose acetate hydrogen phthalate, # .  F ilm  casting solution: 
n-butyl methacrylate 100-0 g; diethyl phthalate 2-5 g; methylene chloride and acetone 
equal parts to 1000 ml.

from  ideality. This a ffin ity  o f permeant fo r  f ilm  w ill be a function  o f  the hyd ro ­
ph ilic  nature o f the f ilm  system, in  pa rticu la r the ava ilab ility  fo r  hydrogen 
bonding. T o  test this la tte r hypothesis, we have also studied the effect o f 
temperature on the perm eability properties o f C A P  and n-butyl m ethacrylate 
[B M A , D uP on t E lvacite (fo rm erly  Lucite ) 2044] po lym er film s plasticized w ith  
d ie thy l phthalate. Typ ica l results are shown in  Fig. ID .  In  the m ore ideal 
B M A  film s the perm eability coefficient, increases w ith  temperature in  the 
expected norm al manner. The slope o f log  P  v s  1/T has a value o f  
— 1 -08 X 103. In  direct contrast, the perm eability coefficient fo r C A P  decreases
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T A B LE  1. STATISTICAL CONSTANTS FOR RELATION BETWEEN LOG WATER VAPOUR 
TRANSMISSION RATES AND LOG FILM THICKNESS OF CELLULOSE ACETATE 
HYDROGEN PHTHALATE FILMS*
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Temperature 
0 C

Vapour pressure 
mm Hg

Correlation
coefficient Slope of line

Ordinate 
intercept log

20 17-5 0-96 -0-388 -3-779
20 13-2 0-94 -0-396 -3-788
25 23-6 0-99 -0-430 -3-698
30 31-8 0-97 -0-479 -3-645
30 23-9 0-98 -0-466 -3-732
30 10-3 0-96 -0-505 -3-466
40 55-3 0-99 -0-361 -3-925
40 41-6 0-97 -0-315 -4-044
40 17-4 0-98 -0-399 -3-902

* Film casting solution: Cellulose acetate hydrogen phthalate . .  50 0 g
Acetone, to ..  .. . .  ..  400-0 ml
Diethyl phthalate . .  . .  ..  12-5 g
Methy_ene chloride, to ..  . .  .. 1000-0 ml

as the temperature is raised, the slope in  F ig. ID  having a value o f  +0-75  x  103. 
Th is anomalous behaviour, also observed w ith  other cellulosic film s (Patel, 
Patel &  Lemberger, 1964), w ou ld  seem to  be related to  a breaking o f  hydrogen 
bonds between permeant and film , causing in  effect dehydration o f the f ilm  and a 
reduction in  permeation. Th is view is supported by the effect o f temperature 
on dehydration o f ether linkages in  non ion ic  surfactants (Greenwald &  Brow n, 
1954; Schick, 1962) resu lting in  a c loud po in t, the anom olous aqueous so lub ility  
o f  methylcellulose, and the dehydration o f starch (Knyaginichev, Chernyak &  
Lyapunova, 1966). V /ith  B M A  film s there is lit t le  op po rtu n ity  fo r  hydrogen 
bond fo rm ation , the log R w vt v s  log  t  slope is closer to  — 1 and hence the 
norm al temperature effect on perm eation is observed.

D iv is io n  o f  Pharmaceutics,
School o f Pharmacy,
U n ivers ity  o f  Connecticut,
Storrs, Connecticut 06268, U .S .A .

August 16, 1968
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J a m e s  S w a r b r i c k  
A n t o n  H . A m a n n

Determination of methylimidazoleacetic acids in human urine by gas chrom­
atography (C orrection)

S i r ,— In  the addendum  to  a Le tte r to  the E d ito r  ( / .  P h a r m . P h a r m a c . , 1968, 
20, 659-661) a typographica l e rro r has arisen w hich affects the gas chrom ato­
gram. L ine  3 o f the addendum should begin “ 0 -0 5 m  acetate buffer, . . .”  and 
no t “ 0 -5 m  acetate buffer, . . . ” .

D epartm ent o f  Pharm acology, A . S. K e l v i n

U n ivers ity  o f Dundee, Dundee, Scotland.
October 3, 1968
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