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PROCEEDINGS OF CONFERENCE 
GLASGOW, 1950

THE OPENING SESSION
The opening session of the Conference was held in the St. Andrew’s Halls 

on the afternoon of Monday, 4th September, the President of the Conference, 
Mr. A. A. Meldrum (President of the Pharmaceutical Society of Great Britain), 
in the Chair. On the platform were the Chairman of the Conference (Mr.
A. D. Powell), the Right Honourable the Lord Provost of Glasgow, the Chairman 
of the Local Conference Committee (Mr. S. Hughan) the Honorary General 
Secretaries (Mr. H. Treves Brown and Mr. H. G. Rolfe), the Treasurer (Dr.
G. R. Boyes), and the following Members of the Executive : Professor H. 
Brindle, Mr. B. A. Bull, Dr. K. Bullock. Miss M. A. Burr, Dr. H. Davis, Mr. H. 
Deane, Dr. Norman Evers, Mr. A. G, Fishburn, Dr C,. H. Hampshire, Dr.
E. F. Hersant, Mr. H. Humphreys Jones, Mr. J. F. McNeal, Mr. A. Officer, 
Mr. T. C. Scott (President of the Pharmaceutical Society of Ireland), Mr. F. W. R. 
Skinner (President of the Pharmaceutical Society of Northern Ireland), Dr. 
T, E. Wallis, Mr. T. D. Whittet.

T h e  P r e s id e n t  called upon the Lord Provost to address the meeting.
The Lord Provost expressed pleasure in welcoming the Conference to Glasgow. 

He pointed out that Glasgow had a very important Medical School and the 
Glasgow hospitals had long enjoyed a high reputation. He hoped the Conference 
would have a most successful week.

The President thanked the Lord Provost, on behalf of the Conference, for 
his welcome.

THE CHAIRMAN’S ADDRESS
T h e  C h a i r m a n  (Mr. A. D. Powell, F.R.I.C.) then delivered his Address, 

entitled “  Fifty Years of Pharmaceutical Progress,”  which is printed in full in 
the Journal o f Pharmacy and Pharmacology, 1950, 2, No. 10, pages 609 to 618.

On the proposition of Dr. Norman Evers, seconded by Professor J. P. Todd, 
the Conference accorded a hearty vote of thanks to the Chairman for his address.

THE CIVIC RECEPTION
A civic reception, at the invitation of the Corporation of Glasgow, was held 

at the City Chambers on Monday evening, 4th September. The guests were 
received by the Right Honourable the Lord Piovost of Glasgow (Mr. Victor
D. Warren, M.B.E., T.D.). The reception was followed by dancing and music.

THE SCIENCE SESSIONS
Meetings were held on Tuesday, Wednesday and Friday, the 5th, 6th and 

8th September, the Chairman presiding. The meetings took place in the 
St. Andrew’s Halls.

The following twenty-one papers were communicated :—
1. “ The Preparation o f Compressed Tablets. Part III.— A study o f the value of

Potato Starch and Alginic Acid as Disintegrating Agents.” — By H. Berry,
B.Sc., Ph.C., F.R.I.C., Dip. Bact. (Lond.), and C. W. Ridout, Ph.C.

2. “ Disintegration of Compressed Tablets. The Effect o f Age and certain
Associated Factors.” -  -By H. Burlinson, Ph.C., and C. Pickering, Ph.C.

3. “ The Removal of Bacteria from Oils by Filtration.” — By G. Sykes, M.Sc.,
F.R.I.C., and A. Royce, Ph.C.

4. “ Some Pharmaceutical Aspects o f Vitamin BJ2.”— By F. Hartley, Ph.D.,
B.Sc., F.R.I.C., Ph.C., P. Stross, B.Sc., and R. E. Stuckey, Ph.D., B.Sc.
F.R.I.C., Ph.C.

5. “ Bacterial Survival in Systems of Low Moisture Content. Part II.—The
Bactericidal Effects of Certain Substances during the Spray-Drying Process.”
— By K. Bullock, Ph.D., M.Sc., Ph.C., and E. A. Rawlins, Ph.C.
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6. “ Antagonism between Non-Ionic Detergents and Antiseptics.” — By A.
Mirimanofif, D. es Sc. and Mile. A. Bolle, D. es Sc.

7. “ The Stability o f Injection of Morphine Sulphate.” — By G. E. Foster, Ph.D.,
B.Sc., F.R.I.C., Miss J. M. Macdonald, B.Sc., A.R.C.S., and T. D. Whittet, 
Ph.C., D.B.A.

8. “ The Tryptic Activity o f Pancreatin : A Critical Study of Some Assay
Processes and Standards.” — By K. Bullock, Ph.D., M.Sc., Ph.C., and Jitendra 
Kumar Sen, B.Sc., M.Sc. (Calcutta).

9. “ A Note on the B.P. 1948 Assay Process for Trypsin in Pancreatin.” —
By G. E. Foster, Ph.D., B.Sc., F.R.I.C., and W. Smith, B.Sc., F.R.I.C.

10. “ The Arsenic Limit Tests o f the British Pharmacopoeia.” -  -By W. Mitchell-
Ph.D., B.Sc., F.R.I.C., Miss H. M. Perry, M.Sc., F.R.I.C., and L. A. 
Shearing, B.Sc., F.R.I.C.

11. “ The Behaviour o f some Thiosemicarbazones towards Silver Nitrate and a
Gravimetric Estimation o f 4-Acetamidobenzaldehyde Thiosemicarbazone.” — 
By E. A. Haugas and B. W. Mitchell, B.A. (Cantab.), B.Sc., A.R.I.C.

12. “ The Tuberculostatic Activity o f some Thiosemicarbazones.” — By E. M.
Bavin, B.Sc., F.R.I.C., R. J. W. Rees, B.Sc., M.B., M.R.C.S., L.R.C.P.,
J. M. Robson, F.R.S.E., D.Sc., M.D., M. Seiler, M.D., D. E. Seymour,
F. R.I.C,, and D. Suddaby, B.Sc., F.R.I.C.

13. “  Studies in the Chromatography of Senna and Related Compounds.” — By
G. H. MacMorran, Ph.D., Ph.C.

14. “ The Partition Chromatography o f Alkaloids. Part III.- -The Alkaloids of
Punica Granatum.” — By J. Chilton, M.Pharm., Ph.C., and M. W. Partridge. 
Ph.D., B.Sc., B.Pharm., Ph.C.

15. “A Comparative Study o f Agars from various Geographical Sources.” — By
J. L. Forsdike, B.Pharm., Ph.C., A.R.I.C.

16. “ Vegetable Purgatives containing Anthracene Derivatives. Part III.— The
Evaluation o f Senna Pod and its Preparations.” — By J. W. Fairbairn, Ph.D., 
B.Sc., Ph.C., and I. Michaels, Ph.D., B.Sc., Ph.C., F.R.I.C.

17. “ Vegetable Purgatives containing Anthracene Derivatives. Part III.—
Galenical Preparations of Senna Pod.” — By J. W. Fairbairn, Ph.D., B.Sc., 
Ph.C., and I. Michaels, Ph.D., B.Sc., Ph.C., F.R.I.C.

18. “ A Polarographic Investigation o f the Redox Characters o f the Amino,
Acridines, considered in relation to Antibacterial Action.” — By R. C. Kaye, 
Ph.D., B.Pharm., Ph.C.

19. “ The Biological and Chemical Assay of Tinctures of Digitalis.” — By H.
Brindle, M.Sc., F.R.I.C., and G. Rigby, B.Sc., Ph.C.

20. “ The Preparation o f Liquid Human Plasma by the Kaolin Process.” — By
G. R. Milne, Ph.C., and G. M. Todd, Ph.C., D.B.A.

21. “ The Use o f Sulphated Whole Blood in the Assay of Heparin.” — By S. S.
Adams, B.Pharm., Ph.C., with an interpretation of the data by K. L. Smith.

The papers, with a report of the discussions, are printed in the Journal o f  
Pharmacy and Pharmacology, 1950, 2, No. 10, pages 619 to 715;  No. II, 
pages 747 to 846 ; No. 12, pages 880 to 913.

THE SYMPOSIUM SESSION
A symposium on Formularies and Formulation was held on Friday, the 

8th September. The Chairman presided and Professor J. P. Todd, Mr. H. S. 
Grainger, Miss M. A. Burr and Dr. A. Wilson were the opening speakers. 
A report of the meeting is printed in the Journal o f  Pharmacy and Pharmacology, 
1950, 2, No. 12, pages 919 to 936.

MEETING OF BRANCH REPRESENTATIVES 
Two sessions were held in the morning and afternoon of Wednesday, the 

6th September, the President, Mr. A. A. Meldrum, in the Chair. The Agenda 
comprised two subjects—consideration of (a) the Draft Supplementary Charter 
and Bye-Laws Consequent thereon, and (b) the Council’s report on the man
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power situation. A  report o f  the meeting was published in The Pharmaceutical 
Journal, 1950, 165, pages 190 to 193 ; 229 to 232 ; 240 and 241.

THE CLOSING SESSION
The Closing Session o f  the Conference was held on Friday, 8th September, 

in the St. Andrew’s Halls, the Chairman, Mr. A . D. Powell, presiding. The 
Lord Provost was represented by Bailie John McAslan.
V o t e  of T hanks t o  the G l a s g o w  C o m m it t e e  and P r e s e n t a t io n  o f  B o o k s

The Chairman called on Dr. C. H. Hampshire to propose a vote o f  thanks 
to the Local Committee. This was seconded by Mr. C. J. Eastland. The 
Chairman then presented to the Glasgow Branch o f  the Pharmaceutical Society 
the books provided from the Bell and Hills Fund. Mr. S. Hughan (Chairman 
o f  the Glasgow Committee) replied to the vote o f  thanks and acknowledged 
the gift o f  books.

A n n u a l  R e p o r t

M r . H. T r e v e s  B r o w n  presented the following Annual Report o f  the 
Executive Committee :—

Your Executive have pleasure in presenting the Eighty-seventh Annual 
Report.

M e m b e r s h ip .— In addition to Members, Honorary Members and Student 
Associates o f the Pharmaceutical Society, together with the Members of the 
Pharmaceutical Society of Northern Ireland, the Conference includes 70 
members elected by the Executive.

O b it u a r y .— The Executive record with deep regret the death of Mr. A. R. 
Melhuish, who was Chairman of the Conference at the London meeting in 1941.

C o n f e r e n c e  R e s e a r c h  P a p e r s .— Twenty-six papers were submitted and 
twenty-one accepted for presentation to the Conference. The Executive thank 
the authors for their contributions.

F in a n c ia l  A ssista n c e  fr o m  th e  S o c ie t y .— The Council o f the Society again 
placed at the disposal of the Executive a sum o f up to £500, which has been 
used to assist younger members to attend the Conference. Forty members took 
advantage of the offer. The Executive are grateful to the Council for their 
generous assistance.

Jo u r n a l  o f  P h a r m a c y  a n d  P h a r m a c o l o g y .— The report o f the meeting 
o f the Conference at Blackpool was published in the 1st Volume of the Journal 
o f Pharmacy and Pharmacology. The Executive has been represented on the 
Editorial Committee by the Chairman (Mr. A. D. Powell), Dr. G. R. Boyes, 
and the Senior Honorary General Secretary.

R e l a t io n s h ip  w it h  S o c ie t y .— The Council o f the Society have recently 
submitted a draft o f the sections of the new bye-laws of the Society dealing with 
the Conference and these will be carefully considered by your Executive.

It is understood that the suggestions regarding the organisation of pharma
ceutical research made by your Executive to the Council o f the Society are still 
under consideration by the Council.

A r r a n g e m e n t  f o r  F u t u r e  M e e t in g s .— An invitation will be presented at 
this meeting on behalf o f the Harrogate and District Branch for the Conference 
to meet in Harrogate in 1951. The Executive are grateful for this offer of 
hospitality and are confident that it will be much appreciated by members of 
the Conference.

O ffice rs  o f  t h e  C o n f e r e n c e .— Your Executive have nominated the following 
officers for 1950-1951 :—

President {ex-officio): The President o f the Pharmaceutical Society o f Great 
Britain. Chau man: H. Berry. Vice-President: (who held the office o f President 
prior to 1923) E. Saville Peck. Vice-Chairmen: R. R. Bennett, C. H. Hampshire,
F. W. Crossley-Holland, H. Deane, H. Humphreys Jones, T. E. Wallis,
H. Brindle, B. A. Bull, Norman Evers and A. D. Powell. Honorary Treasurer:
G. R. Boyes. Honorary General Secretaries: H. Treves Brown and H. G. Rolfe. 
Other Members o f  the Executive: K. Bullock, A. G. Fishburn, J. W. Hadgraft,
E. F. Hersant, J. P. Todd, T. D. Whittet, with the following nominated by the 
Council o f the Pharmaceutical Society of Great Britain : Miss M, A. Burr,
F. C. Wilson and T. Reid, and the following ex-officio: The President o f the
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Pharmaceutical Society of Ireland, the President o f the Pharmaceutical Society 
o f Northern Ireland, the Chairman o f the Executive o f the Scottish Department, 
the Chairman o f the Local Committee and the Honorary Local Secretary.

M r . E . W. M a n n  proposed the acceptance of the Report and the election 
of officers of the Conference for the ensuing year. He had particular pleasure 
in proposing the election of Professor H. Berry as Chairman for 1951. Dr. K. R. 
Capper seconded and the Report was adopted.

P r o f e s s o r  H. B e r r y  thanked the Conference on behalf of the newly elected 
officers.

T r e a s u r e r 's  R e p o r t

D r . G. R. B o y e s  presented the following Report and Statement of Accounts 
for the year 1949.

In the Bell and Hills Fund the excess of income over expenditure during the 
year ended 31st December, 1949, was £25 lO.t. 6d. With this addition, the 
Accumulated Fund now amounts to £ 1,794 Os. 4r/., consisting of Cash £344 O.r. 4d. 
and Savings Bonds £200, together with the original donation by Alderman 
Clayton o f Consols to the nominal value o f £1,250.

Subscriptions from elected members, including a composition fee from the 
Pharmaceutical Society o f Northern Ireland, amounted to £114 16s. 0d., and 
were credited to the account o f  the Journal o f  Pharmacy and Pharmacology.

The expenditure o f £641 8,v. 5d., which included £290 9s. 10d., the cost of 
the scheme for assisting young pharmacists, and £75 19.s. 0d. for the entertain
ment of foreign visitors, paid by the Pharmaceutical Society towards the general 
expenses o f the Conference, was included in the Pharmaceutical Society’s 
financial statement presented at the Annual Meeting in May o f this year.

BRITISH PHARMACEUTICAL CONFERENCE ACCOUNT
(Bell and Hill’s Fund.)

Income and Expenditure Account, 1949.
Expenditure. £ s. d. Income. £ 5. d.

Donation o f Book to the Blackpool Interest on Consols 22 3 0
Branch ........................... 2 12 6 Interest on 3 per cent. Savings

Balance to Accumulated Fund 25 10 6 Bonds 6 0 0

£28 3 0 £28 3 0

Balance Sheet a t  31st D ecember, 1949.
Liabilities. £ s. d. Assets. £ s. d.

Accumulated Fund :—• Investments :—
As at 31/12/48 ............... ... 1.768 9 10 (a) £1,250 2A per cent. Consols

Add: Surplus ... 25 10 6 (Donation by the late Aider- 
man Clayton o f Birmingham) 
(Market value at 31 st Decem
ber. 1949, £879 13.v. 9d.) ... 1,250 0 0

(b) £200 3 per cent. Savings
Bonds, 1960-70 (Market 
value at 31st December, 
1949, £193 10s. Od.) 200 0 0

Cash at Westminster Bank, 31/12/49 344 0 4

£1,794 0 4 £1,794 0 4

G. R. BOYES,
Honorary Treasurer

On the proposition of T he P r e s id e n t , seconded by D r . E. F. H e r s a n t , the 
Report was adopted.

P l a c e  o f  M e e t in g  f o r  1951
Mr. R. C. W il b e r f o r c e , on behalf of the Harrogate Branch, extended an 

invitation to hold the Conference in Harrogate during the week beginning 
10th September, 1951. He said Harrogate was situated centrally, so that no 
choice could be made with less prejudice to any particular area of the country. 
The Municipality would spare no effort for the comfort and convenience of 
members of the Conference.

M is s  D. M u r g a t r o y d  p r o p o s e d  th a t  th e  in v ita t io n  b e  a c c e p t e d  a n d  M r . J . W. 
H a d g r a f t  s e c o n d e d .  T h e  v o t e  w a s  p u t  t o  th e  m e e t in g  a n d  c a r r ie d  w ith  
a c c la m a t io n . (Continued on Page 7)
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BRITISH PHARMACEUTICAL CONFERENCE

B r i t i s h  P h a r m a c e u t i c a l  C o n f e r e n c e
NAVGURAL MEETING HELD AT NEW CASTLE-ON-TYNE IN 1863

Places o f  Meeting Presidents Local Secretaries

Ba t h ............... HENRY DEANE, F.L.S. J. C. POOLEY.
Birmingham ... | HENRY DEANE, F.L.S. W. SOUTHALL. Jun.
Nottingham ... j Prof. BEN I LEY, F.L.S. J. H. ATHERTON, F.C.S.
D undee Prof. BENTLEY, F.L.S. J. HODGE.
Norwich DANIEL HANBURY. F.R.S F. SUTTON, F.C.S.
Exeter ... 1 DANIEL HANBURY, F.R.S. M. HUSBAND.

W. W. STODDART, F.C.S. E. DAVIES, F.C.S.Livf.rpool ... | 

Edinburgh ... W. W. STODDART, F.C.S.
J. DUTTON (Birkenhead). 
J. MACKAY, F.C.S.

Brighton ... 1 H. B. BRADY, F.R.S. T. GLA1SYER.
Bradford ... | H. B. BRADY, F.R.S. R. PARKINSON, Ph.D.
London 1 HOS. B. GROVES, F.C.S. M. CART E1GHE. F.C.S.
Bristol THOS. B. GROVES, F.C.S. J. PITMAN.
G lasgow Prof. REDWOOD, F.C.S. A. KINNINMONT.
Plymouth Prof. REDWOOD, F.C.S. R. J. CLARK.
D ublin ... G. F. SCHACHT, F.C.S. W. HAYES.
Sheffield G. F. SCHACHT, F.C.S. H. MALEHAM.
Swansea W. SOUTHALL, F.L.S. J. HUGhES.
Yo r k ............... R. REYNOLDS, F.C.S. J. OWRAY.
Southampton Prof. ATTF1ELD, F.R.S. O. R. DAWSON.
Southport Prof. ATTF1ELD, F.R.S. W m. ASHTON.
Hastings J. WILLIAMS, F.C.S. F. ROSSITER.
A berdeen J. B. STEPHENSON. A. STRACHAN.
Birmingham ... T. GREENISH, F.C.S, CHAS. THOMPSON.
M anchester ... S. R. ATKINS, J.P. F. B. BENGER, F.C.S.
Ba t h ............... F. B. BENGER, F.C.S. H. HUTTON.
Nf.wcastle-on- C. UMNEY, F.I.C., F.C.S. T. M. CLAGUE.

T yne.
Leeds ............... C. UMNEY, F.I.C., F.C.S. F. W. BRANSON, F.C.S.
Cardiff W. MARTINDALE, F.C.S. ALFRED COLEMAN.
Edinburgh ... E. C. C. STANFORD, F.C.S. PETER BOA.
Nottingham ... OCTAVIUS CORDER. C. A. BOLTON.
O xford N. H. MARTIN, F.L.S., F.R.M.S H. MATTHEWS.
Bournemouth N. H. MARTIN, F.L.S., F.R.M.S. STEWART HARDWICK.
Liverpool W. MARTINDALE, F.C.S. T. H. WARDLEWORTH.

G lasgow D r . C. SYMES.
H. O. DUTTON (Birkenhead) 
J. A. RUSSELL.

Belfast D r . C. SYMES. r . w .  M c k n i g h t .

Plymouth J. C. C. PAYNE, J.P.
W. J. RANKIN.
J. DAVY TURNEY.

London E. M. HOLMES, F.L.S. W. WARREN.

D ublin G. C. DRUCE, M.A., F.L.S.
HERBERT CRACKNF.LL. 
J. I. BERNARD.

Dundee G. C. DRUCE, M.A., F.L.S. 
T. H. W. IDRIS, M.P., F.C.S.

W. CUMMINGS.
Bristol H. E. BOORNE.
Sheffield T. H. W. IDRIS, M.P., F.C.S. H. ANTCLIFFE.
Brighton W. A. H. NAYLOR, F.I.C., F.C.S. W. W. SAVAGE.

Birmingham ... W. A. H. NAYLOR, F.I.C., F.C.S.
C. G. YATES.
C. THOMPSON.

Manchester ... THOS. TYRER, F.I.C., F.C.S. W. KIRKBY.
Aberdeen ROBT. WRIGHT, F.C.S. W. F. HAY.
Newcastle ... J. F. TOCHER, B.Sc., F.R.I.C. T. M. CLAGUE.

Cambridge ... FRANCIS RANSOM. F.C.S.
H. W. NOBLE. 
A. A. DECK.

Portsmouth ... W. F. WELLS.
, T. J. MALLETT. 
1 T. O. BARLOW.

Edinburgh ... Sir EDW ARD EVANS, J.P.
T. POSTLETHWAIT. 
THOS. STEPHENSON.

London JOHN C. UMNEY, F.C.S. W'. J. UGLOW WOOLCOCK.
Chester E. H. FARR, F.C.S. R. CECIL OWEN, B.Sc.
London
London

E. SAVILLE PECK, M.A.
DAVID HOOPER, LL.D., F.R.I.C.

London
London

CHAS. ALEX. HILL, B.Sc., F.R.I.C. 
CHAS. ALEX. HILL, B.Sc., F.R.I.C.

London W. KIRKBY, M.Sc., F.C.S. ______
Liverpool CHAS. ALEX. HILL, B.Sc., F.R.I.C. H. HUMPHREYS JONES.

Scarborough E. SAVILLE PECK, M.A.
F.R.I.C.

i E. R. CROSS.
Nottingham ... Prof. H. G. GREENISH, D.es Sc., F.I.C. E. C. CARR.
London F. W. GAMBLE. W. J. U. WOOLCOCK, C.B.E,
Bath ... EDMUND WHITE, B.Sc., F.I.C, P. J. THOMPSON.

G lasgow EDMUND WHITE, B.Sc., F.I.C.
W. H. HALLETT. 
P. M. DUFF.

Leicester D. LLOYD HOWARD, J.P. J. BARKER.
Brighton D. LLOYD HOWARD, J.P. 1 F. W. BURGESS.
C heltenham ... R. R. BENNETT, B.Sc.. F.R.I.C. ! P. JAMES.
D ublin R. R. BENNETT, B.Sc., F.R.I.C. ‘ V. E. HANNA.
Cardiff J. T. HUMPHREY. | J. MURRAY.
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Years Places o f  M eeting Chairmen Local Secretaries

1931 M anchester ... J. H. FRANKLIN. R. G. EDWARDS.
1932 A berdeen H. SKINNER. H. M. DUGAN.
1933 London C. H. HAMPSHIRE. H. N. LINSTEAD.
1934 Lee ds ...............

M.B., B.S., B.Sc., F.R.I.C. 
C. H. HAMPSHIRE. G. C. CRUMM ACK.

1935 Belfast
M.B., B.S., B.Sc., F.R.I.C. 

F. W. CROSSLEY-HOLLAND, L.M.S.S.A.
J. F. SIMON.
D. L. KIRKPATRICK.

1936 Bournemouth HAROLD DEANE, B.Sc.. F.R.I.C. V. J. SCAMPTON.
1937 L iverpool T. EDW ARD LESCHER, O.B.E. W. E. HUMPHREYS.
1938 Edinburgh ... .1. RUTHERFORD HILL, O.B.E. C. G. DRUMMOND.
1939 Birmingham ... J. RUTHERFORD HILL, O.B.E. D. J. RUSHTON.
1940
1941
1942
1943
1944
1945
1946
1947

L ondon
London
London
London
London
London
London
Torquay

H. HUMPHREYS JONES, F.R.I.C.
A. R. MELHUISH.
T. E. WALLIS, D.Sc., F.R.I.C.. F.L.S. 
T. E. WALLIS, D.Sc., F.R.I.C., F.L.S. 
H. BRINDLE, B.Sc., F.R.I.C.
H. BRINDLE, B.Sc., F.R.I.C.
B. A. BULL, A.R.l.C.
B. A. BULL, A.R.l.C. T. D. EVANS.

1948 Brighton NORMAN EVERS. Ph.D., F.R.I.C. A. WILSON.
1949 Blackpool .., NORMAN EVERS, Ph.D., F.R.I.C. P. VARLEY.

1950 G lasgow A. D. POWELL, F.R.I.C.
T. A. DURKIN. 
A. OFFICER

H o n o r a r y  T r e a s u r e r s  ( O n e )

1863 to 1870, H. B. BRADY. F.R.S.
1870 to 1877, GEORGE F. SCHACHT. F.C.S. 
1877 to 1884, C. EKIN, F.C.S.
1884 to 1888, C. UMNEY, F.I.C., F.C.S.
1888 to 1890, W. MARTINDALE, F.C.S.
1890 to 1893, R. H. DAVIES, F.I.C., F.C.S. 
1893 to 1898, JOHN MOSS, F.I.C.. F.C.S. 
1898 to 1912, JOHN C. UMNEY, F.C.S.
1912 to 1925, D. LLOYD HOWARD, J.P.. 

F.C.S.

H o n o r a r y  G e n e r a l

1863 to 1880, Prof. ATTFIELD, Ph.D., F.R.S. 
1863 to 1871, RICHARD REYNOLDS, F.C.S.
1871 to 1884, F. BENGER, F.C.S.
1880 to 1882, M. CARTEIGHE, F.C.S.
1882 to 1886, SIDNEY PLOWMAN, F.R.C.S.
1884 to 1890, JOHN C. THRESH, M.B.. D.Sc. 
1886 to 1901, W. A. H. NAYLOR, F.I.C., 

PCS
1890 to 1903. F. RANSOM. F.C.S.
1903 to 1909 EDM UND WHITE, B.Sc., F.I.C. 
1901 to 1912, E. SA VILLE PECK. M.A.
1909 to 1919, HORACE FINNEMORE, B.Sc., 

F.R.I.C.

1925 to 1927, R. R. BENNETT, B.Sc., F.R.I.C 
1927 to 1934, F. W. CROSSLEY-HOLLAND

L.M.S.S.A.
1934 to 1936, T. E. LESCHER, O.B.E.
1936 to 1940, A. R. MELHUISH.
1940 to 1947, T. MARNS.
1947 to , G. R. BOYES, L.M.S.S.A., B.Sc., 

F.R.I.C.

S e c r e t a r i e s  ( T w o )

1912 to 1923, R. R. BENNETT, B.Sc., F.R.I.C. 
1919 to 1929. C. H. HAMPSHIRE. C.M.G., 

M.B., B.S., B.Sc., F.R.I.C.
1923 to 1927, F. W. CROSSLEY-HOLLAND, 

L.M.S.S.A.
1927 to 1944, C. E. CORFIELD, B.Sc., F.R.I.C. 
1929 to 1947, G. R. BOYES, L.M.S.S.A., B.Sc.,

1944 to , H. ' TREVES BROWN, B.Sc.
1947 to , H. G. ROLFE, B.Sc., F.R.I.C.

PROCEEDINGS OF THE CONFERENCE (Continued from page 5)

V o t e  o f  T h a n k s  t o  C h a i r m a n

P r o f e s s o r  H. B r i n d l e  proposed a vote of thanks to the Chairman who, he 
thought, had presided over the business of the Conference in a charming 
manner. His criticism was constructive ; his address, his work and his style 
had been at all times powerful and kindly, and, above all, he possessed a keen 
sense of humour.

D r. J. M. R o w s o n  seconded : the vote was put to the meeting by the 
President and unanimously carried.

M r . A. D . Powell said that he had appreciated the honour of being elected 
Chairman and thanked Professor Brindle and Dr. Rowson for proposing and 
seconding the vote of thanks. He also thanked Mr. S. Hughan and Mr. A. 
Officer for their endeavours on his behalf.
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CONSTITUTION AND RULES
1. The British Pharmaceutical Conference shall meet annually for the 

discussion o f subjects relative to the science o f pharmacy, for the promotion 
o f friendly reunion amongst pharmacists and those interested in pharmacy, 
and generally for the furtherance o f  the objects sought to be obtained under 
the Royal Charter o f Incorporation granted to the Pharmaceutical Society of 
Great Britain and the several Pharmacy Acts.

2. The Conference shall consist o f :—
(a) members, honorary members and student-associates of the Pharmaceutical 

Society of Great Britain ;
(A) members o f other Pharmaceutical Societies within the British Common

wealth o f Nations which desire to be associated with the work of the 
Conference and have made an agreement with the British Pharmaceutical 
Conference whereby an annual subscription shall be paid by their Society 
in lieu o f individual subscriptions from members ; and 

(c) persons at home and abroad interested in the advancement of Pharmacy 
who, not being qualified for membership of the Pharmaceutical Society 
o f Great Britain or one o f the other Societies associated with the work 
of the Conference, have been nominated in writing by a member o f the 
Conference, and elected by the Executive.

3. The Officers of the Conference, who shall collectively constitute the 
Executive Committee, shall be:— A Chairman, Vice-Presidents, Vice-Chairmen, 
one Honorary Treasurer, two Honorary General Secretaries, together with 
three members o f the Council o f the Pharmaceutical Society of Great Britain, 
and six other members o f the Conference. Of the six other members nomi
nated annually by the outgoing Executive the two members who have had 
the longest period o f continuous service shall be ineligible for re-nomination 
for one year. The President o f the Pharmaceutical Society of Great Britain 
shall be ex-officio a member o f the Executive Committee and President o f  the 
Conference. The Chairman o f the Executive o f the Scottish Department o f the 
Pharmaceutical Society of Great Britain, the President o f the Pharmaceutical 
Society of Ireland, the President of the Pharmaceutical Society of Northern 
Ireland, the President of any other Pharmaceutical Society the members of 
which are members of the Conference, the Chairman of the Local Committee, 
and the Honorary Local Secretary shall be ex-officio members of the Executive 
Committee.

4. The Officers of the Conference shall be selected at each annual meeting 
by those present. Nominations for membership o f the Executive Committee 
may be made at the annual meeting by the outgoing Executive and shall 
include nominations which have been received by the Honorary Secretaries 
in writing at least twenty-eight days before the annual meeting.

5. The Chairman o f the Conference shall give the inaugural address, 
preside over the meetings for the reading o f scientific papers and take the 
chair at the meetings o f the Executive Committee.

6. Members, honorary members and student-associates o f the Pharma
ceutical Society o f Great Britain shall not be required to pay a separate 
subscription to the British Pharmaceutical Conference ; they shall be entitled, 
on application, to receive the issues o f the Jo u r n a l  of  P h a r m a c y  a n d  
P h a r m a c o l o g y , as published, on preferential terms.

Members o f any other Pharmaceutical Society, who are members o f  the 
Conference by virtue o f the arrangement between their Society and the 
British Pharmaceutical Conference, shall not be required to pay a separate 
subscription to the British Pharmaceutical Conference ; they shall be entitled, 
on application, to receive the Jo u r n a l  of  P h a r m a c y  a n d  P h a r m a c o l o g y , 
as published, on preferential terms.

Other members elected by the Executive shall pay a subscription o f 25i. 
annually, which shall entitle them, on application, to receive the J o u r n a l  
of  P h a r m a c y  a n d  P h a r m a c o l o g y , as published. Subscriptions shall be
come due on 1st January, and membership shall cease if subscriptions are 
not paid by 1st June.



R E V I E W  A R T I C L E

LES ANTI-EPILEPTIQUES
R ené H a za r d ,

Dr. en Méd., Dr. ès Sc.
Professeur de Pharm acologie à la 

Faculté de M éd ecin e de Paris 

Pharmacien de l'H ôtel-D ieu  
M e m b re  de V Academ ie de M édicinc

Jean  C h e y m o l ,
Dr. en Méd., Dr. ès Sc., 

Dr. en Pharm.
Professeur agrégé à la Faculté de 

M éd ecin e de Paris 

Pharmacien de l’H ôpital Tenon

L ’èpilepsie ne recevra un traitement vraiment rationnel que le jour où 
ses causes profondes nous auront été enfin dévoilées et nous n’en sommes 
pas encore à ce degré de la connaissance. Cependant des progrès notables 
ont été récemment accomplis touchant le mécanisme de ses manifestations 
les plus frappantes et sa thérapeutique au moins symptomatique.

Ces progrès sont dus essentiellement à la lumière que l’épilepsie expéri
mentale a projetée sur l’épilepsie-maladie. La reproduction chez l’animal 
des man.festations les plus caractéristiques de l’épilepsie permet en outre 
l’étude systématique des médicaments les plus capables de la faire dispa
raître chez l’Homme. Enfin la comparaison des formules des anti
épileptiques synthétiques récemment obtenus mène à la connaissance des 
groupements chimiques les plus actifs et ouvre la voie à de nouvelles 
recherches.

Ces divers points feront l’objet de cette brève étude.

1 ) E p il e p sie -M aladie

a) S ym ptôm es. -  La forme qui nous intéressera surtout ici est la 
forme classique ou épilepsie-coma, inconsciente et généralisée. C’est la 
plus répandue chez l’Homme et la plus étudiée expérimentalement. Nous 
rappellerons seulement que d’autres formes peuvent se rencontrer: 
épüepsie bravais-jacksonienne, consciente et localisée; épilepsie réflexe 
de Brown-Séquard (insensible au phénobarbital); épilepsies réflexes sen
sorielles, etc. . . .

Résumons brièvement la symptomatologie de cette épilepsie classique. 
Dans le grand mal, la manifestation la plus frappante est la crise tonique 
et clonique. Précédée ou non de l’aura, de la chute du sujet, elle est 
suivie par la stupeur et le sommeil; c’est cette forme dont l’expérimen
tation peut le mieux reproduire les traits essentiels.

Dans le petit mal, on observe la perte transitoire de conscience (pikno- 
épilepsie ou piknolepsie), des secousses musculaires (myoclonies), loca
lisées, quelquefois généralisées, et la perte brusque du tonus de certains 
muscles (crises akinétiques). On note aussi les crises psychomotrices ou 
équivalents psychiques avec leurs actes parfois violents mais toujours 
inconscients, leurs épisodes ambulatoires et ces curieuses “ absences ” 
surtout fréquentes chez l’Enfant.

Grand mal et petit mal peuvent souvent mêler leurs symptômes. Dans 
la complication la plus grave, il peut s’établir progressivement un état de 
mal permanent, souvent mortel. Même dans ses formes les moins graves 
l’épilepsie se caractérise par la variabilité du rythme des crises, parfois

i
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interrompues par des rémissions spontanées, parfois remplacées par de 
simples formes frustes.

b) M écanism e. -  Malgré les recherches les plus récentes des neuro
chirurgiens et des neuro-psychiâtres, les causes profondes de l’épilepsie 
nous sont encore inconnues. Au moins les tracés électroencéphalo- 
graphiques ont-ils pu mettre en évidence: dans le grand mal des aryth
mies cérébrales, variables suivant le type de crises; dans le petit mal une 
succession lente d’ondes en pointes et d’ondes en dômes.

L ’étude des convulsions produites chez l’animal par l’électrochoc et 
le pentétrazol nous ont appris aussi qu’il n’existe pas un centre épilep- 
togène unique. L ’excitation des centres sous-corticaux peut à elle seule 
engendrer les crises caractéristiques.

Les convulsions provoquées par le pentétrazol montrent qu’il existe 
un centre tonique bulbaire, un centre clonique protubérantiel et que 
certains mouvements coordonnés dépendraient du mésencéphale; 
l’écorce n’est pas ici indispensable1.

Mais le facteur déterminant des crises reste toujours à élucider. La 
chimie biologique grâce à ses méthodes d’investigation les plus fines, 
a pu montrer qu’il s’opérait de curieuses modifications chimiques dans 
l’intimité même des zones épileptogènes au moment des crises expéri
mentales. Les constatations les plus frappantes concernent la tendance 
à l’alcalose sanguine (qui justifie la prescription d’un régime acidosant 
chez les épileptiques) et le changement au niveau des neurones centraux 
des rapports normaux entre les ions: abaissement du potassium et du 
calcium, augmentation du sodium, dont les taux reviennent à la normale 
après la crise; hydratation cellulaire qui fait comprendre l’abaissement 
du seuil convulsivant par privation d’électrolytes. Notons aussi la libé
ration d’acétylcholine, la privation d’oxygène entraînant glycolyse et 
hyperglycémie, la formation de guanidine, d’histamine, etc.

L ’avenir seul pourra nous fixer sur la valeur de ces constatations.

2 )  E p i l e p s i e  E x p é r i m e n t a l e

De nombreuses techniques permettent de déclancher chez l’animal des 
crises convulsives épileptiformes plus ou moins étroitement apparentées 
aux crises de l’épilepsie humaine.

En plus de l’excitation directe de l’encéphale par lésions traumatiques, 
trois groupes de méthodes principales s’avèrent utilisables :

a) excitation électrique; b) excitation chimique; c) réactions psycho
motrices.

a) E xcita tion  électrique. -  Réalisée pour la première fois par Batelli, 
étudiée par Cerletti, l’excitation par passage transcérébral du courant 
électrique est couramment utilisée depuis qu’elle a fait l’objet des travaux 
de Putnam et Merrit sur le Chat2. D’autres animaux peuvent être utilisés; 
l’essentiel est d’opérer dans des conditions aussi semblables que possible 
si l’on veut apprécier avec certitude les modifications apportées par l’anti- 
épileptioue étudié.

Les électrodes sont appliquées en des points convenablement choisis 
pour assurer le meilleur passage du courant: base du crâne et bouche; 
tempes ou conduits auditifs externes; globes oculaires. On réalise le

2



passage du courant dans des conditions de voltage, d’intensité et de durée 
très précises.

Cüezle Lapin, que nous avons surtout utilisé, on obtient par une appli
cation sur les tempes pendant une 1 /2  seconde d’un courant de 50 pério
des-seconde sous une différence de potentiel de 35 volts la succession des 
phénomènes suivants: 1) phase tonique (15 secondes); 2) p.rase clonique 
(30 secondes); 3) phase de stupeur avec grincement des den.s (15 
secondes); 4) phase de relâchement musculaire (90 secondes); au total 
environ 2 minutes 30 secondes.

Goodman et ses collaborateurs3 réalisent des crises électriques dites 
maximales au cours desquelles la durée de l’extension tonique des mem
bres postérieurs est prise comme critérium de l’action convulsivante. Ils 
ont pu d’autre part abaisser le seuil des crises convulsives tant électriques 
que chimiques par hydratation du tissu cérébral. La dilution ou la perte 
des électrolytes par absorption d’eau ou de sérum glucosé isotonique 
ou la rétention d’eau dans l’organisme sous l’action des extraits post
hypophysaires rend les crises plus nombreuses, ou plus faciles à produire 
chez l’animal. Ces différents tests de Goodman permettent une étude 
plus fine des anti-épileptiques4.

b) E xcita tion  chim ique. -  De nombreuses substances peuvent pro
duire des convulsions épileptiformes. Plusieurs d’entre elles sont d’un 
emploi exceptionnel: camphre et bromure de camphre, picrotoxine, 
strychnine, thuyone (de l’essence d’absinthe). Le produit le plus couram
ment utilisé est le pentétrazol. Chez le Lapin, son injection intraveineuse 
à la dose de 0,025 g. par kg. provoque la succession des phénomènes qtie 
l’on peut résumer ainsi: 1) une phase de convulsions toniques avec 
opistothonos qui dure environ 20 secondes; 2) une phase de convulsions 
cloniques (40 secondes); 3) une décontraction progressive (60 secondes) 
avec grincement des dents et morsures; 4) le relâchement musculaire avec 
asthénie (environ 180 secondes); au total de 5 à 6 minutes. Chez le Rat 
et la Souris on peut obtenir la même suite de phénomènes avec quelques 
différences dans l’attitude des animaux notamment au cours de la phase 
tonique.

c) R éa ction s  psych iqu es e t psych om otrices. -  Les crises nerveuses 
que l’on peut provoquer chez l’animal par la perturbation apportée aux 
réflexes conditionnés s’écartent sensiblement de l’épilepsie proprement 
dite.

Il n’en est pas de même pour la crise audiogène (Mayer, Morgan et coll.) 
produite chez le Rat par une excitation auditive assez vive et notamment 
par différents bruits (sonnerie, sifflet). En suivant la technique préconisée 
par Morin5,6-7, on peut ainsi provoquer chez certains animaux après une 
fuite éperdue, la succession des crises toniques et cloniques et de la 
dépression avec stupeur dont le déroulement rappelle à l’intensité près 
les phases successives déjà décrites pour l’épilepsie-maladie et l’épi
lepsie expérimentale.

La crise audiogène peut être empêchée par les différents anti-épilep
tiques actuellement utilisés, à des doses qui vont en augmentant du 
phénobarb:tal (4 mg.) à la phénytoïne (25 mg.) et la tridione (300 mg.).

Bien qu’il soit, on le conçoit, de réalisation plus difficile, le petit mal -
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LES ANTI-EPILEPTIQUES

c a r a c t é r i s é  e x p é r i m e n t a l e m e n t  p a r  l e s  m o d i f i c a t i o n s  a p p o r t é e s  à  l ’ é l e c -  

t r o e n c é p h a l o g r a m m e  -  p e u t  ê t r e  p r o v o q u é ,  l u i  a u s s i ,  c h e z  l ’ a n i m a l  s o i t  p a r  

d e s  m o y e n s  é l e c t r i q u e s  ( e x c i t a t i o n  p o r t é e  a u  n i v e a u  d u  t h a l a m u s 8)  s o i t  

p a r  d e s  m o y e n s  c h i m i q u e s :  i n j e c t i o n  d e  f l u o r o a c é t a t e  o u  d e  m é t h y l -  

f l u o r o a c é t a t e 9,  o u  d e  p e n t é t r a z o l  à  d o s e  n o n  c o n v u l s i v a n t e 1 0 ’ 1 1 .

3 )  L e s  M é d i c a m e n t s  A n t i - E p i l e p t i q u e s

I l  n o u s  s e m b l e  i n u t i l e  d ’ i n s i s t e r  s u r  l e s  v i e i l l e s  m é d i c a t i o n s  q u i  o n t  

d ’ a i l l e u r s  f a i t  l e u r s  p r e u v e s  e t  r e n d e n t  e n c o r e  d e s  s e r v i c e s  : b r o m u r e s  e t  

d é r i v é s  d u  b o r e .

L e s  b r o m u r e s ,  q u i  n e  s o n t  e f f i c a c e s  c h e z  l ’ a n i m a l  q u ’ à  d o s e  

t o x i q u e ,  l u t t e n t  b i e n  c h e z  l ’ H o m m e  c o n t r e  l a  c r i s e  d ’ é p i l e p s i e  p r o 

p r e m e n t  d i t e .  S ’ i l s  e m p ê c h e n t  l a  c r i s e  c o n v u l s i v e  e l l e - m ê m e ,  i l s  a g i s s e n t  

m o i n s  b i e n  d a n s  l ’ é p i l e p s i e  p s y c h o m o t r i c e ;  i l s  f o n t  p a r f o i s  e m p i r e r  l e  

p e t i t  m a l .  E n f i n ,  o n  s a i t  q u ’ i l s  p r o v o q u e n t  l e s  d i v e r s  a c c i d e n t s  d é c r i t s  

s o u s  l e  n o m  d e  b r o m i s m e .

L e  t a r t r a t e  b o r i c o -p o t a s s iq u e  e s t  a s s e z  a c t i f  m a i s  i l  p e r d  r a p i d e m e n t  

s o n  e f f i c a c i t é .

B a r b itu r iq u e s .  -  U t i l i s é s  d e p u i s  1 9 1 2 .  l e s  d é r i v é s  d e  l ’ a c i d e  b a r b i t u r i q u e  

o u  m a l o n y l u r é e  s o n t  r e s t é s  l e s  p l u s  u t i l i s é s  j u s q u ’ à  l ’ a p p a r i t i o n  d e s  h y d a n -  

t o ï n e s  e t  d e s  o x a z o l i d i n e s .  C e  s o n t  d e s  a n t i - é p i l e p t  q u e s  m a j e u r s .  L e  

p l u s  u t i l i s é  d ’ e n t r e  e u x ,  l e  p h é n o b a r b ita l ,  c o m b a t  e f f i c a c e m e n t  c h e z  l ’ a n i 

m a l  l e s  c r i s e s  p r o v o q u é e s  p a r  l e  c h o c  é l e c t r i q u e  e t  l e  p e n t é t r a z o l .

C h e z  l ’ H o m m e  i l  s u p p r i m e  l e  g r a n d  m a l ;  i l  a g i t  p e u  s u r  l e s  c r i s e s  

p s y c h o m o t r i c e s ,  e t  d a n s  l e  p e t i t  m a l  i l  f a i t  d i s p a r a î t r e  l e s  v e r t i g e s  m a i s  

n o n  l e s  a b s e n c e s .

S a  p o s o l o g i e ,  q u ’ i l  f a u t  a d a p t e r  a u x  c a s  i n d i v i d u e l s ,  v a r i e  d e  0 , 1 0  g .  à  

0 , 3 0  g .  p a r  j o u r ,  e n  p r i s e s  f r a c t i o n n é e s .  L e  t r a i t e m e n t  d o i t  ê t r e  c o n t i n u é  

s a n s  i n t e r r u p t i o n  e t  m ê m e  l a  d i m i n u t i o n  d e s  d o s e s  p e u t  f a i r e  a p p a r a î t r e  

l ’ é t a t  d e  m a l .  S e s  i n c o n v é n i e n t s ,  à  c o m m e n c e r  p a r  s o n  a c t i o n  h y p n o 

t i q u e  i c i  g ê n a n t e ,  s o n t  m u l t i p l e s :  d a n s  1 5  p .  1 0 0  d e s  c a s  e n v i r o n  o n  p e u t  

t r o u v e r  d e s  s y m p t ô m e s  c o n n u s  s o u s  l e  n o m  d e  p e t i t  g a r d é n a l i s m e  : 

s o m n o l e n c e ,  t o r p e u r ,  t r o u b l e s  p s y c h i q u e s  e t  d i g e s t i f s .  D a n s  5  p .  1 0 0  

d e s  c a s  a p p a r a î t ,  a p r è s  u n e  o u  d e u x  s e m a i n e s ,  o u  p l u s i e u r s  m o i s ,  l e  g r a n d  

g a r d é n a l i s m e :  é r u p t i o n s  d i v e r s e s ,  o e d è m e s ,  a r t h r a l g i e s .  L a  f i è v r e  q u ’ i l  

p r o v o q u e  p a r f o i s  p e u t  c o m m a n d e r  l ’ i n t e r r u p t i o n  d u  t r a i t e m e n t  e t  l ’ a d 

m i n i s t r a t i o n  d ’ u n  a u t r e  a n t i - é p i l e p t i q u e .

L e  r u to n a l  a g i t  c o m m e  l e  p h é n o b a r b i t a l  m a i s  i l  e x i g e  d e s  d o s e s  d o u b l e s .

L ’ ison cd , q u i  p o r t e  u n  r a d i c a l - C H s  s u r  l ’ a z o t e ,  e s t  m o i n s  h y p n o t : q u e  q u e  

l e s  p r é c é d e n t s ;  s a  p o s o l o g i e  e s t  é g a l e m e n t  d o u b l e  d e  c e l l e  d u  p h é n o 

b a r b i t a l .

L e s  b a r b i t u r i q u e s  p e u v e n t  ê t r e  a s s o c i é s  à  d e  n o m b r e u x  p r o d u i t s  :  s o i t  

p o u r  c o m p l é t e r  l e u r  a c t i o n  a n t i - é o i l e p t i q u e  ( p h é n y t o ï n e ,  t r i d i o n e ) ,  s o i t  

p o u r  c o r r i g e r  l e u r s  e f f e t s  d é p r e s s i f s  ( c a f é i n e ,  a m p h é t a m i n e ,  e t c .  . . .) .  

D é r iv é s  d e  l ’h y d a n to in e .

a )  P h é n v t o i n e . -  L a  d i p h é n y l h y d a n t o ï n e  o u  p h é n y t o ï n e  é t a i t  c o n n u e  

d e p u i s  1 9 0 8  ( B i l t z  e t  A n g e l i ) .  I n s o l u b l e  d a n s  l ’ e a u ,  e l l e  d o n n e  u n  d é r i v é  

s o d i q u e  s o l u b l e  q u i  a  s e r v i  a u x  e x p é r i e n c e s  d e  M e r r i t  e t  P u t n a m 1 2 ’ 1 3  q u i  

é t a b l i s s a i e n t  e n  1 9 3 8  s a  s u p é r i o r i t é  s u r  d e  n o m b r e u s e s  s u b s t a n c e s  d e
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c e  g r o u p e ;  c o m m e  o n  e m p l o i e  a s s e z  i n d i f f é r e m m e n t  l a  p h é n y t o ï n e  e t  s o n  

s e l  a e  s o d i u m  n o u s  n e  p a r l e r o n s  i c i  q u e  d e  l a  p h é n y t o ï n e  e l l e - m ê m e .

C h e z  l ’ a n i m a l ,  e l l e  j u g u l e  l e s  c r i s e s  p r o v o q u é e s  p a r  l e  c o u r a n t  é l e c 

t r i q u e ;  e d e  e x a g è r e  l e s  c o n v u l s i o n s  p e n t é t r a z o l i q u e s .  E l l e  p r o v o q u e  à  

d o s e  é l e v é e  d e s  t r o u b l e s  c a r d i o v a s c u l a i r e s  g r a v e s .

C h e z  l ’ H o m m e ,  e l l e  s e  m o n t r e  s p é c i a l e m e n t  a c t i v e  c o n t r e  l e  g r a n d  

m a l ;  e l l e  l e  c o m b a t  p l u s  é n e r g i q u e m e n t  q u e  l e s  b r o m u r e s  e t  a u t a n t  q u e  

l e s  b a r b i t u r i q u e s ,  d o n t  e l l e  n ’ a  p a s  l ’ a c t i o n  d é p r e s s i v e  s u r  l e s  f o n c t i o n s  

c é r é b r a l e s .  E l l e  n ’ a g i t  q u ’ a p r è s  u n e  a d m i n i s t r a t i o n  r é p é t é e  p e n d a n t  q u e l 

q u e s  j o u r s .

E l l e  e s t  c e p e n d a n t  r a p i d e m e n t  d é t r u i t e  d a n s  l ’ o r g a n i s m e ,  o u  é l i m i n é e .  

O n  l ’ a d m i n i s t r e s  à  l a  d o s e  d e  0 , 3 0  g .  à  0 , 5 0  g .  p a r  j o u r ,  g é n é r a l e m e n t  a u  

m o m e n t  d e s  r e p a s .  O n  l ’ a s s o c i e  s o u v e n t  a u x  b a r b i t u r i q u e s  s u r t o u t  d a n s  

l e  t r a i t e m e n t  d e s  g r a n d e s  c r i s e s .

L a  t o l é r a n c e  d e s  m a l a d e s  à  s o n  é g a r d  e s t  t r è s  v a r i a b l e .  E l l e  p e u t  

p r o v o q u e r ,  e n  p l u s  d e  q u e l q u e s  t r o u b l e s  d i g e s t i f s ,  d ’ a s s e z  n o m b r e u x  

i n c i d e n t s .  D a n s  1 5  p .  1 0 0  d e s  c a s  c e u x - c i  s o n t  l é g e r s ;  p h é n o m è n e s  

d ’ a l a r m e ,  t i t u b a t i o n ,  d i p l o p i e ,  t r e m b l e m e n t ,  t r o u b l e s  d e  l a  m é m o i r e ;  

p a r f o i s  m ê m e  a n x i é t é ,  c é p h a l é e ,  n a u s é e s ,  f i è v r e ,  i n c o o r d i n a t i o n  m o t r i c e .  

O n  p e u t  à  l a  s u i t e  d ’ u n  t r a i t e m e n t  p r o l o n g é  o b s e r v e r  d e  l ’ h y p e r p l a s i e  b u c 

c a l e  e t  d e  l a  g i n g i v i t e ;  c e s  a c c i d e n t s  c o m m a n d e n t  l a  s u s p e n s i o n  d u  t r a i t e 

m e n t ,  l a q u e l l e  p e u t  i c i  ê t r e  b r u s q u e  s a n s  i n c o n v é n i e n t s .

D a n s  5  p .  1 0 0  d e s  c a s  l ’ i n t o l é r a n c e  à  l a  p h é n y t o ï n e  p e u t  ê t r e  b e a u c o u p  

p l u s  g r a v e  : p u r p u r a ,  g a s t r i t e  h é m o r r a g i q u e ,  e t c . . . .  O n  a  m ê m e  e n r e g i s t r é  

q u e l q u e s  c a s  d e  m o r t .

b )  A  u tr e s  d é r iv é s  d e  l ’h y d a n to in e .  -  P a r  s u b s t i t u t i o n  s u r  l e  - C H 2- 

o n  o b t i e n t  l a  p h é n y l m é t h y l h y d a n t o ï n e  e t  l a  p h é n y l é t h y l h y d a n t o ï n e  ( n i r -  

v a n o l ) ,  t r è s  t o x i q u e s ;  e t  l a  p h é n y l t h i é n y l h y d a n t o ï n e ,  e n c o r e  e n  c o u r s  

d ’ é t u d e s .  S u r  l e  - C H 2-  e t  u n  - N H - ,  o n  o b t i e n t  l ’ é t h y l p h é n y l - N - m é t h y l -  

h y d a n t o ï n e  o u  m é s a n t o ï n e .

c )  D i m é th y ld i th io h y d a n to ïn c . -  P a r m i  l e s  s u b s t i t u t i o n s  d i v e r s e s  q u e  

n o u s  a v o n s  n o u s - m ê m e s  r é a l i s é e s  s u r  l e  n o y a u  f o r m a t e u r  d e  l ’ h y d a n t o ï n e  

l e s  p l u s  i n t é r e s s a n t e s  o n t  é t é  o b t e n u e s  p a r  l ’ e n t r é  d e  2  a t o m e s  d e  s o u f r e  

d a n s  l e  n o y a u .  L a  s u b s t a n c e  l a  p l u s  d i g n e  d ’ ê t r e  r e t e n u e  p a r m i  l a  q u a r a n 

t a i n e  d e  c o r p s  p r é p a r é s  à  p a r t i r  d e  l a  d i t h i o h y d a n t o ï n e  e s t  l a  d i m é t h y l -  

d i t h i o h y d a n t o ï n e 1 4 ’ 1 5 . I n s o l u b l e  c o m m e  l a  d i p h é n y l h y d a n t o ï n e ,  c e  

d é r i v é  s o u f r é  p e u t  d o n n e r  d e s  s e l s  s o l u b l e s  e t  n o t a m m e n t  c e l u i  d e  c a l c i u m .  

C h e z  l e  L a p i n ,  l a  d i m é t h y l d i t h i o h y d a n t o ï n e  s e  m o n t r e  a c t i v e  c o n t r e  l e s  

c o n v u l s i o n s  p r o v o q u é e s  p a r  l e  p e n t é t r a z o l ,  e t  n o n  p a s  c o n t r e  l a  c r i s e  

é l e c t r i q u e  c o m m e  l a  p h é n y t o ï n e .  E l l e  s e  s é p a r e  a u s s i  d e  c e l l e - c i  p a r  

l ’ a b s e n c e  d ’ a c t i o n  c a r d i o v a s c u l a i r e  d é p r e s s i v e ,  c o m m e  o n  p e u t  l ’ o b s e r v e r  

c h e z  l e  C h i e n  : s o n  s e l  d e  c a l c i u m  e s t  m ê m e  c a r d i o t o n i q u e .

C h e z  l ’ H o m m e ,  l e s  p r e m i e r s  e s s a i s  o n t  m o n t r é  q u ’ e l l e  s e  c o m p o r t a i t  

c o m m e  u n  a n t i - é p i l e p t i q u e  m a j e u r .  P a r t i c u l i è r e m e n t  a c t i v e  c o n t r e  l e  

g r a n d  m a l ,  e l l e  a  m ê m e  d o n n é  q u e l q u e s  s u c c è s  d a n s  l e  p e t i t  m a l .

O n  l ’ a d m i n i s t r e  à  l a  d o s e  d e  0 , 8 0  g .  p a r  j o u r  d o n n é e  p a r  f r a c t i o n s .  E l l e  

e s t  b i e n  t o l é r é e  m ê m e  à  d o s e s  p l u s  é l e v é e s  q u e  l a  p h é n y t o ï n e ;  e l l e  n ’ e s t  

p a s  h y p n o t i q u e  c o m m e  l e  p h é n o b a r b i t a l .

R. HAZARD AND J. CHEYMOL
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D a n s  l e  g r a n d  m a l ,  e l l e  p e u t  ê t r e  a s s o c i é e  à  l a  d o s e  d e  0 , 6 0  g .  à  u n e  

p e t i t e  q u a n t i t é  ( 0 , 1 0  g . )  d e  p h é n o b a r b i t a l .

L e  s e u l  i n c i d e n t ,  p r o v o q u é  p a r  l a  p r é s e n c e  d a n s  s a  m o l é c u l e  d u  g r o u p e 

m e n t  - N  =  C = S  ( q u e  l ’ o n  t r o u v e  d a n s  l e s  a n t i t h y r o ï d i e n s  d e  s y n t h è s e ) ,  

p e u t  ê t r e  l ’ h y p e r t r o p h i e  d e  l a  t h y r o ï d e ,  s a n s  m o d i f i c a t i o n  t r è s  m a r q u é e  d e  

l ’ a s p e c t  h i s t o l o g i q u e  d e  l a  g l a n d e .  C e t t e  a c t i o n ,  d o n t  n o u s  a v o n s  e u  

q u e l q u e s  e x e m p l e s  c h e z  d e s  s u j e t s  j e u n e s  e n  é t a t  d ’ i n s t a b i l i t é  g l a n d u 

l a i r e ,  d i s p a r a î t  a i s é m e n t  s o u s  l ’ i n f l u e n c e  d ’ u n  t r a i t e m e n t  t h y r o ï d i e n  

a s s o c i é .

D é r i v é s  d e  l’o x a z o l id in e .  -  L a  t r i m é t h y l o x a z o l i d i n e  o u  t r i d i o n e ,  p r o d u i t  

d e  s u b s t i t u t i o n  d e  l ’ o x a z o l i d i n e - 2 : 4 - d i o n e ,  a  é t é  é t u d i é e  c h e z  l ’ a n i m a l  p a r  

E v e r e t t  e t  R i c h a r d s 1 6 , 1 7 , 18  e n  1 9 4 4  e t  p r o p o s é e  c o m m e  a n t i - é p i l e p t i q u e  

c h e z  l ’ H o m m e  p a r  R i c h a r d s  e t  P e r l s t e i n  e n  1 9 4 5 .

E x p é r i m e n t a l e m e n t ,  l a  t r i d i o n e  e s t  s a n s  g r a n d e  e f f i c a c i t é  c o n t r e  l e  c h o c  

é l e c t r i q u e  o u  p e n t é t r a z o l i q u e ,  s a u f  à  d o s e  é l e v é e ;  e l l e  e s t  a u  c o n t r a i r e  

e f f i c a c e  ( G o o d m a n - 1 9 4 9 )  c o n t r e  l e s  m a n i f e s t a t i o n s  é l e c t r i q u e s  c a r a c t é 

r i s t i q u e s  d u  p e t i t  m a l  p r o v o q u é  p a r  l e s  d o s e s  s o u s - c o n v u l s i v a n t e s  d e  p e n -  

t é t r a z o l .

C h e z  l ’ H o m m e ,  l a  t r i d i o n e  s e  m o n t r e  d e  m ê m e  i n a c t i v e  s u r  l e  g r a n d  

m a l  d o n t  e l l e  p o u r r a i t  m ê m e ,  d ’ a p r è s  c e r t a i n s  a u t e u r s ,  a g g r a v e r  l e s  s y m p 

t ô m e s  s u r t o u t  q u a n d  i l  e s t  a s s o c i é  a u  p e t i t  m a l .  E l l e  e s t  p a r  c o n t r e ,  

s u r t o u t  c h e z  l ’ E n f a n t ,  t r è s  a c t i v e  à  l ’ é g a r d  d u  p e t i t  m a l  e t  l e s  a t t a q u e s  

p s y c h o m o t r i c e s .  E l l e  n ’ e s t  h y p n o t i q u e  q u ’ à  d o s e s  t r è s  é l e v é e s .

O n  l a  p r e s c r i t  à  l a  d o s e  q u o t i d i e n n e  d e  0 , 9 0  g .  à  1 , 2 0  g .  p a r  j o u r  e t  

d ’ e n v i r o n  0 , 1 5  g .  p a r  a n n é e  d ’ a g e  c h e z  l ’ E n f a n t .

S i  e l l e  e s t  p e u  t o x i q u e  e t  s a n s  e f f e t  n o c i f  s u r  l e  c œ u r  e t  l a  r e s p i r a t i o n ,  l a  

t r i d i o n e  p e u t  p r o v o q u e r  d i v e r s  i n c i d e n t s  ( s o m n o l e n c e ,  f i è v r e ,  t r o u b l e s  

d i g e s t i f s  e t  c u t a n é s )  e t  d e s  a c c i d e n t s .  C e s  d e r n i e r s ,  o b s e r v é s  d a n s  

7 5  p .  1 0 0  d e s  c a s  e n v i r o n ,  s o n t  d ’ a b o r d  d ’ o r d r e  v i s u e l ;  s e n s i b i l i t é  à  l a  

l u m i è r e ,  é b l o u i s s e m e n t ,  t r o u b l e s  d e  l a  v i s i o n  c o l o r é e  q u ’ a c c o m p a g n e n t  

d e s  d o u l e u r s  a u  n i v e a u  d u  g l o b e  o c u l a i r e .  T o u s  c e s  t r o u b l e s  s ’ a m e n d e n t  

p a r  c e s s a t i o n  d u  t r a i t e m e n t  q u i ,  i c i  e n c o r e ,  p e u t  ê t r e  b r u s q u e .

L e s  a c c i d e n t s  d ’ o r d r e  h é m a t o l o g i q u e  s o n t  p l u s  r a r e s  m a i s  g r a v e s ;  o n  

a  s i g n a l é  d e s  c a s  d e  m o r t  p a r  a n é m i e  a p l a s t i q u e  e t  a g r a n u l o c y t o s e .

I l  c o n v i e n t  d o n c  d e  s u r v e i l l e r  l a  f o r m u l e  s a n g u i n e  d e s  m a l a d e s  e n  c o u r s  

d e  t r a i t e m e n t .

L ’ a c t i o n  a n t i - é p i l e p t i q u e  d e  c e  p r o d u i t  n ’ e s t  c o n n u e  q u e  d e p u i s  1 9 4 8 .  

S o n  é t u d e  e x p é r i m e n t a l e  a  é t é  e n t r e p r i s e  s e u l e m e n t  e n  1 9 4 9  p a r  E v e r e t t ,  

e t  p a r  G o o d m a n  e t  s e s  c o l l a b o r a t e u r s 19 ,2 0 .

C h e z  l ’ a n i m a l  i l  s e  c o m p o r t e  c o m m e  u n  a n t i - é p i l e p t i q u e  p u i s s a n t  a c t i f  

c o n t r e  l e s  é p i l e p s i e s  d i v e r s e m e n t  p r o v o q u é e s .

L ’ é t u d e  c l i n i q u e  f a i t e  p a r  G i b b s  e t  s e s  c o l l a b o r a t e u r s 2 1  a i n s i  q u e  p a r  

D a v i d s o n  e t  L e n n o x 22 m o n t r e  d e s  r é s u l t a t s  t h é r a p e u t i q u e s  f a v o r a b l e s  

m ê m e  c h e z  c e r t a i n s  m a l a d e s  r é f r a c t a i r e s  a u x  a u t r e s  a n t i - é p i l e p t i q u e s .

NHü

Phénacévylurée:
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E l l e  e s t  p r e s c r i t e  à  l a  d o s e  m o y e n n e  d e  2 , 5  g . ,  r é p a r t i e s  e n  5  p r i s e s  d e  

0 , 5  g . ,  a u  c o u r s  d e  l a  j o u r n é e .

L e s  a u t e u r s  s i g n a l e n t  d e s  e f f e t s  s e c o n d a i r e s  v a r i é s ,  n o m b r e u x  e t  

g ê n a n t s  ( t r o u b l e s  c u t a n é s ,  g a s t r i q u e s ,  p s y c h i q u e s ,  p a r f o i s  l é s i o n s  h é p a 

t i q u e s )  n é c e s s i t a n t  u n  c o n t r ô l e  m é d i c a l  s é r i e u x .

4 )  R a p p o r t  e n t r e  A c t i o n  e t  C o n s t i t u t i o n

S i  l ’ o n  c o m p a r e  l a  c o n f i g u r a t i o n  d e s  n o y a u x  fo r m a te u r s  d e s  a n t i 

é p i l e p t i q u e s  d e  s y n t h è s e  a c t u e l l e m e n t  c o n n u s ,  o n  e s t  f r a p p é  p a r  l a  p r é 

s e n c e  d ’ u n  g r o u p e m e n t  c o m m u n  à  t o u s  c e s  n o y a u x ,  q u e  l ’ o n  p e u t  p o u r  l a  

c o m m o d i t é  d e  l ’ e x p o s i t i o n  r e p r é s e n t e r  d e  l a  s o r t e  :

O )

O  =  C < ( 2 )

(3 )
N H

(6 )

( 5 ) C H 2

D a n s  l e s  b a r b i t u r i q u e s  (B a r .)  l e  c a r b o n e  2  e s t  u n i  a u  c a r b o n e  5  p a r  l a  

c h a i n e  -  N H  -  C O  - ,

( 0  (6 )

B a r .

O  =  C \

nN H -

C H a i

C O  i

i

O x a . i

(1) Y..........
O

(1 )
, N H -

H y d .

o = c \

¡o  = c

C H ,

I

XN H  —  C O

N H  —  C O

d a n s  l e s  h y d a n t o ï n e s  ( H y d .)  p a r  l e  g r o u p e m e n t  -  N H  - ,  d a n s  l e s  o x a z o l i -  

d i n e s  ( O x a . )  p a r  u n  a t o m e  d ’ o x y g è n e .

L a  p h é n a c é t y l u r é e  t r o u v e  s a  p l a c e  i c i ,  p u i s q u ’ o n  p e u t  l ’ é c r i r e  d e  l a  

s o r t e :

f o r m u l e  q u i  p e r m e t  d e  l a  c o n s i d é r e r  c o m m e  u n e  h y d a n t o ï n e  o u v e r t e  a v e c  

l ’ a c t i v i t é  q u e  c o n f è r e  d a n s  b i e n  d e s  c a s  d é j à  c o n n u s  l ’ o u v e r t u r e  d e  l a  

m o l é c u l e .

L e s  d i t h i o h y d a n t o ï n e s  o n t  b i e n ,  e l l e s  a u s s i ,  c e  g r o u p e m e n t  c o m m u n ,  

l ’ o x y g è n e  é t a n t  i c i  r e m p l a c é  p a r  l e  s o u f r e .  L ’ e n t r é e  d e  c e  m é t a l l o ï d e  

t r a n s f o r m e  l ’ a c t i v i t é  d e  l a  m o l é c u l e  e t  f a i t  q u ’ e l l e  e s t  m i e u x  t o l é r é e  p a r  

l ’ o r g a n i s m e .

R e m a r q u o n s  e n f i n ,  e n  c e  q u i  c o n c e r n e  l a  c o n s t i t u t i o n  d u  n o y a u ,  l a  

p r é s e n c e  d e  2 N  d a n s  l e s  b a r b i t u r i q u e s  e t  l e s  h y d a n t o ï n e s  a c t i v e s  c o n t r e  l e  

g r a n d  m a l  e t  d ’ u n  s e u l  N  d a n s  l e s  o x a z o l i d i n e s  a c t i v e s  c o n t r e  l e  p e t i t  m a l .

L ’ e f f e t  d e s  s u b s t i tu tio n s  f a i t e s  s u r  l e  c a r b o n e  5  e s t  c o n s i d é r a b l e .  O n  

e n  c o n n a i s s a i t  d é j à  l ’ i m p o r t a n c e  e n  c e  q u i  c o n c e r n a i t  l e s  b a r b i t u r i q u e s .  

D a n s  l e u r  c a s ,  l e  r a d i c a l  -  C « H 5 t i e n t  s o u s  s a  d é p e n d a n c e  l ’ a c t i o n  s é d a 

t i v e  m a i s  i l  d o i t  ê t r e  u n i q u e  : l a  d i p h é n y l m a l o n y l u r é e  e s t  e n  e f f e t  c o n v u l -
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s i v a n t e .  L e  -  C 6H 5 e s t  u n i q u e  a u s s i  d a n s  l a  p h é n a c é t y l u r é e .  D a n s  l e  c a s  

d e s  h y d a n t o ï n e s  a u  c o n t r a i r e  c ’ e s t  l a  p r é s e n c e  d e  2  -  C 6H 5 q u i  d o n n e  l e s  

m e . l i e u r s  r é s u l t a t s .  R e m a r q u o n s  q u e  l a  r é u n i o n  d ’ u n  -  C 6H 5 e t  d ’ u n  -  

C 2H 5 f a v o r a b l e  d a n s  l e  c a s  d e s  b a r b i t u r i q u e s ,  n e  l ’ e s t  p a s  d a n s  l e  c a s  d e s  

h y d a n t o ï n e s  : l a  p h é n y l é t h y l h y d a n t o ï n e  e s t  m o i n s  a c t i v e  e t  p l u s  t o x i q u e  

q u e  l a  d i p h é n y l h y d a n t o ï n e .  D a n s  l e s  d i t h i o h y d a n t o ï n e s ,  c ’ e s t  l a  s u b s t i 

t u t i o n  p a r  2 - C H 3 q u i  e s t  l a  p l u s  a v a n t a g e u s e .

L a  m é t h y l a t i o n  p o r t a n t  s u r  l 'azote  e n  3  d i m i n u e  g é n é r a l e m e n t  l e s  

a c t i o n s  h y p n o t i q u e  e t  a n t i - c o n v u l s i v a n t e  : c a s  d u  p r o m i n a i  d a n s  l e s  b a r 

b i t u r i q u e s ,  d e  l a  m é s a n t o ï n e  d a n s  l e s  h y d a n t o ï n e s ,  d e  l a  t r i d i o n e  d a n s  l e s  

o x a z o l i d i n e s .

L ’ é t u d e  d e s  r a p p o r t s  q u i  l i e n t  l ’ a c t i o n  p h y s i o l o g i q u e  d ’ u n e  m o l é c u l e  

o r g a n i q u e  à  s a  c o n s t i t u t i o n  p h y s i c o - c h i m i q u e  d o i t  p o r t e r ,  n o u s  l e  s a v o n s  

m a i n t e n a n t ,  s u r  d e s  s é r i e s  h o m o g è n e s .  O n  p e u t  e s p é r e r  q u e  l a  c o n s t a 

t a t i o n  q u e  l ’ o n  p e u t  f a i r e  d a n s  l a  s é r i e  d e s  a n t i - é p i l e p t i q u e s  a u  n o y a u  

f o r m a t e u r  c o m m u n  p e r m e t t r a  d ’ o r i e n t e r  d e s  r e c h e r c h e s  n o u v e l l e s .

A u  t e r m e  d e  c e t t e  r a p i d e  r e v u e 2 3 ,  o n  p e u t  c o n c l u r e  q u e  l ’ a p p l i c a t i o n  

d e s  m é t h o d e s  e x p é r i m e n t a l e s  a u  p r o b l è m e  d e  l ’ é p i l e p s i e  a ,  e n  q u e l q u e s  

a n n é e s ,  m e n é  à  d e s  a c q u i s i t i o n s  i m p o r t a n t e s  s u r  l e  p l a n  t h é o r i q u e  e t  

p a t h o g é n i q u e  e t  s u r t o u t  s u r  l e  p l a n  p r a t i q u e .

N o u s  p o s s é d o n s  d è s  à  p r é s e n t  u n e  g a m m e  d e  p r o d u i t s  d o n t  q u e l q u e s -  

u n s  p e r m e t t e n t  à  l ’ é p i l e p t i q u e  d e  m e n e r  u n e  e x i s t e n c e  à  p e u  p r è s  n o r m a l e .  

C e t t e  t h é r a p e u t i q u e  r e s t e  c e p e n d a n t  e n c o r e  s y m p t o m a t i q u e  e t  b i e n  d e s  

p r o g r è s  r e s t e n t  à  a c c o m p l i r .

P e u  d e  q u e s t i o n s  a u t a n t  q u e  c e l l e - c i  m o n t r e n t  l a  p r é é m i n e n c e  a c t u e l l e  

d e  l a  p h a r m a c o l o g i e ,  s c i e n c e  e x p é r i m e n t a l e  p a r  e x c e l l e n c e ,  m a i s  d o n t  l e s  

d é c o u v e r t e s  c o n t r i b u e n t  s i  l a r g e m e n t  a u  d é v e l o p p e m e n t  d e  l a  t h é r a 

p e u t i q u e .
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R E S E A R C H  P A P E R S

THE IDENTIFICATION OF THE SYNTHETIC STILBENE
(ESTROGENS

B y  J .  W .  G .  S m i t h  a n d  G .  E .  T u r f i t t

From the Metropolitan Police Laboratory 
R e c e i v e d  A u g u s t  2 0 ,  1 9 4 9

F o l l o w i n g  t h e  d e m o n s t r a t i o n  b y  D o d d s 1  o f  t h e  o e s t r o g e n i c  a c t i v i t y  o f  

c e r t a i n  s y n t h e t i c  s t i l b e n e  d e r i v a t i v e s ,  v a r i o u s  c o m p o u n d s  o f  t h i s  t y p e  h a v e  

b e e n  i n t r o d u c e d  i n t o  o e s t r o g e n  t h e r a p y .  O f  t h e s e ,  t h e  s t r u c t u r a l l y  s i m i l a r  

s t i l b c e s t r o l ,  h e x o e s t r o l  a n d  d i e n o e s t r o l ,  a n d  t h e  d i p r o p i o n a t e  o f  s t i l -  

b o e s t r o l  ( T a b l e  I )  a r e  c o m m e r c i a l l y  a v a i l a b l e  i n  t h i s  c o u n t r y ,  e i t h e r  i n  

t a b l e t  f o r m ,  i n  o i l  s o l u t i o n  f o r  i n j e c t i o n  p u r p o s e s ,  o r  a s  o i n t m e n t s .

T A B L E  1

S y n t h e t ic  s t i l b e n e  c e s t r o g e n s

Structure M .m .
CC.

S o lub ilities

Stilbcestrol B.P. C H 2.C H , 169

Hexoestrol B.P.

CHo.CHa C H o .C H s‘

Very s ligh tly  so luble 
w ater

S ligh tly  so luble benzene 
Soluble e th y l a lcoho l, 

e t h e r ,  a c e t o n e ,  
ch lo ro fo rm , sodium  
hydrox ide

Inso lub le  water 
S ligh tly  so luble ch lo ro 

fo rm , benzene 
Soluble e thy l a lcoho l, 

e t h e r ,  a c e t o n e ,  
sod ium  hydrox ide

Dienoestrol B.P. Inso lub le  water 
S ligh tly  so luble ch lo ro 

fo rm , benzene 
Soluble e thy l a lcoho l, 

e t h e r ,  a c e t o n e ,  
sod ium  hydrox ide

Stilbcestrol
d ip rop iona ie
B.P.C.

105 S ligh tly  so luble water 
Soluble e thy l a lcoho l, 

e t h e r ,  a c e t o n e ,  
ch lo ro fo rm , benzene

T h e  t o x i c i t y  o f  t h e s e  d r u g s  i s  o f  t h e  s a m e  o r d e r  a s  t h a t  o f  t h e  n a t u r a l  

c e s t r o g e n s ,  a n d  t o x i c  s y m p t o m s  d u r i n g  c l i n i c a l  u s a g e  m a y  d e v e l o p  a s  a  

r e s u l t  o f  e x c e s s i v e  d o s e s  o r  p r o l o n g e d  a d m i n i s t r a t i o n .  A l t h o u g h  v a r i o u s  

c o l o r i m e t r i c  p r o c e d u r e s  a r e  a v a i l a b l e  f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  

o f  t h e s e  s y n t h e t i c  p r o d u c t s  ( D i n g e m a n s e 2 ;  T u b i s  a n d  B l o o m 3 ; H u f  a n d  

W i d m a n n 4 ; M a l p r e s s 5) ,  t h e i r  q u a l i t a t i v e  i d e n t i f i c a t i o n  a n d  d i f f e r e n t i a t i o n  

a p p e a r  t o  h a v e  r e c e i v e d  b u t  l i t t l e  a t t e n t i o n .  T h e  i n t e r e s t i n g  c o l o u r  

r e a c t i o n s  o f  C o c k i n g 6 ’ 7 w h i l s t  c l e a r l y  d i f f e r e n t i a t i n g  h e x o e s t r o l  f r o m  s t i l b -  

o e s t r o l  a n d  d i e n o e s t r o l ,  p e r m i t  o f  n o  d i s t i n c t i o n  b e t w e e n  t h e  t w o  l a t t e r  

c o m p o u n d s  t h e m s e l v e s ,  a n d  a r e  e n t i r e l y  n e g a t i v e  i n  t h e  c a s e  o f  t h e  e s t e r .

I n  t h e  p r e s e n t  p u b l i c a t i o n  a  s e r i e s  o f  f i v e  s i m p l e  c o l o u r  r e a c t i o n s  i s  

d e s c r i b e d ,  f r o m  t h e  r e s u l t s  o f  w h i c h  t h e  t h r e e  p a r e n t  o e s t r o g e n s  a n d  s t i l b 

c e s t r o l  d i p r o p i o n a t e  m a y  b e  r e a d i l y  i d e n t i f i e d  a n d  d i f f e r e n t i a t e d .
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SYNTHETIC STILBENE (ESTROGENS 

E x p e r i m e n t a l

I n  v a r i o u s  i n s t a n c e s  t h e  t e s t s  m a y  b e  p e r f o r m e d  d i r e c t l y  o n  t a b l e t s ,  o i l  

s o l u t i o n s  o r  o i n t m e n t s  w i t h  e n t i r e l y  s a t i s f a c t o r y  r e s u l t s ,  b u t ,  i n  g e n e r a l ,  

i t  i s  d e s i r a b l e  f o r  t h e  d r u g  t o  b e  i s o l a t e d  i n  t h e  p u r e  s t a t e ,  p r i o r  t o  t h e  

e x a m i n a t i o n .

C olou r reactions. T h e  c o m p l e t e  s e r i e s  o f  f i v e  t e s t s  d e s c r i b e d  b e l o w  

r e q u i r e s ,  f o r  a n y  p a r t i c u l a r  c o m p o u n d ,  a  q u a n t i t y  o f  m a t e r i a l  o f  n o t  m o r e  

t h a n  0 - 5  m g . ;  t h e  r e s u l t i n g  c o l o u r s  ( T a b l e  I I )  a r e  d i s t i n c t i v e  a n d  f r e e  f r o m  

a m b i g u i t y .

TABLE II
C o l o u r  r e a c t io n s  o f  s y n t h e t ic  s t i l b e n e  c e s t r o g e n s

Test Stilbcestrol Hexcestrol Diencestrol Stilbcestrol
D ip rop io na te

S u lphu ric  acid ................ B rig h t red 
ye llow  

Orange

Colourless Y e llo w O range-yellow

Heated .............................. Co lourless Green Orange

S u lphu ric  acid-sod ium  n itr ite Intense red Intense purp le Intense red Intense red

S u lphu ric  ac id -va n illin O range-red ; 
pu rp le  m arg in

Y e llo w G reenish-brown ; 
pu rp le  m arg in

Orange-reddish- 
b row n ; purp le  
streaks

A d d it io n  o f  e thy l a lco h o l ... V io le t Colourless P ink V io le t

Phosphoric ac id -va n illin Y e llo w -pu rp le -
carm ine

Ye llow -redd ish - 
b row n -pu rp le ; 
so lu tion  tu rb id

Ye llow -deep blue Y e llo w -pu rp le

H yd ro ch lo r ic  ac id -va n illin  ... Colourless Colourless Blue Colourless
A d d it io n  o f  bleaching pow der Green o r  blue Colourless — Green

( 1 )  Sulphuric acid  test. A  q u a n t i t y  o f  m a t e r i a l  o f  t h e  o r d e r  o f  0 - 0 1  t o  

0 T  m g .  i n  a  w h i t e  p o r c e l a i n  d i s h  i s  t r e a t e d  w i t h  o n e  d r o p  o f  c o n c e n t r a t e d  

s u l p h u r i c  a c i d ,  a n d  h e a t e d  f o r  1  m i n u t e  o n  a  b o i l i n g  w a t e r - b a t h .

( 2 )  Sulphuric acid -sodium  nitrite test. 0 T  m g .  o f  s o d i u m  n i t r i t e  i s  

t r e a t e d  w i t h  o n e  d r o p  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  i n  a  w h i t e  p o r c e l a i n  

d i s h ,  w h i c h  i s  t h e n  h e a t e d  f o r  1 0  s e c o n d s  o n  a  b o i l i n g  w a t e r - b a t h .  

0  0 1  m g .  o f  t h e  t e s t  m a t e r i a l  i s  s p r i n k l e d  o v e r  t h e  s u r f a c e  o f  t h e  s t i l l  h o t  

a c i d  m i x t u r e .

( 3 )  Sulphuric acid-vanillin test. 0 T  m g .  e a c h  o f  t e s t  m a t e r i a l  a n d  

v a n i l l i n  i s  p l a c e d  i n  a  w h i t e  p o r c e l a i n  d i s h ,  a n d  t r e a t e d  w i t h  o n e  d r o p  o f  

c o n c e n t r a t e d  s u l p h u r i c  a c i d .  T h e  d i s h  i s  w a r m e d  f c r  o n e  m i n u t e  o n  a  

b o i l i n g  w a t e r - b a t h  w i t h  o c c a s i o n a l  g e n t l e  r o c k i n g  a n d  c o o l e d ,  a n d  t h e  

a c i d  m i x t u r e  i s  t r e a t e d  w i t h  1  t o  2  m l .  o f  a l c o h o l .

( 4 )  P h osp h oric  acid-vanillin test. 0 - 0 1  t o  0 - 1  m g .  e a c h  o f  t e s t  m a t e r i a l  

a n d  v a n i l l i n  i s  t r e a t e d  i n  a  s m a l l  ( 2 "  x £ " )  t e s t  t u b e  w i t h  o n e  d r o p  o f  

s y r u p y  p h o s p h o r i c  a c i d ,  a n d  t h e  l i q u i d  h e a t e d  t o  b o i l i n g  f o r  1 0  t o  1 5  

s e c o n d s .
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J. W. G. SMITH AND G. E. TURFIT
( 5 )  H y d r o c h lo r i c  a c id -v a n illin  te s t .  0 1  m g .  e a c h  o f  t e s t  m a t e r i a l  a n d  

v a n i l l i n  i n  a  3" x f "  t e s t  t u b e  i s  t r e a t e d  w i t h  o n e  d r o p  o f  g l a c i a l  a c e t i c  

a c i d ,  s o l u t i o n  b e i n g  a f f e c t e d  b y  g e n t l e  w a r m i n g .  2  t o  3  d r o p s  o f  c o n 

c e n t r a t e d  h y d r o c h l o r i c  a c i d  a r e  a d d e d ,  a n d  t h e  l i q u i d  g e n t l y  b o i l e d  f o r  

1 0  t o  1 5  s e c o n d s .  I f  n o  c o l o u r  d e v e l o p s ,  a p p r o x i m a t e l y  0 1  m g .  o f  

b l e a c h i n g  p o w d e r  i s  a d d e d ,  a n d  t h e  l i q u i d  a g a i n  b o i l e d .

A l t h o u g h  t h e  r e s u l t s  o f  t h i s  s e r i e s  o f  t e s t s  p r o v i d e  c o n c l u s i v e  i d e n t i f i c a 

t i o n  w i t h i n  t h e  g r o u p ,  t h e  c o n c l u s i o n  s h o u l d  b e  c h e c k e d  w h e n e v e r  p r a c t i c 

a b l e  b y  a  m i c r o  m i x e d  m e l t i n g - p o i n t  d e t e r m i n a t i o n .

S u m m a r y

1 .  A  s e r i e s  o f  f i v e  s i m p l e  c o l o u r  r e a c t i o n s  i s  d e s c r i b e d  w h e r e b y  t h e  

s y n t h e t i c  s t i l b e n e  o e s t r o g e n s ,  s t i l b c e s t r o l ,  h e x c e s t r o l ,  d i e n o e s t r o l  a n d  

s t i l b o e s t r o l  d i p r o p i o n a t e  m a y  b e  i d e n t i f i e d  a n d  d i s t i n g u i s h e d .

2 .  T h e  t e s t s  i n v o l v e  t h e  u s e  o f  n o  u n u s u a l  r e a g e n t s  a n d  m a y  b e  c o m 

p l e t e d  w i t h i n  5  t o  1 0  m i n u t e s ,  u s i n g  a  t o t a l  a m o u n t  o f  o n l y  0 - 5  m g .  o f  t e s t  

m a t e r i a l .

T h e  a u t h o r s  w i s h  t o  e x p r e s s  t h e i r  t h a n k s  t o  M e s s r s .  B o o t s  P u r e  D r u g  

C o .  f o r  t h e i r  k i n d  c o - o p e r a t i o n  i n  s u p p l y i n g  s a m p l e s  o f  p u r e  o e s t r o g e n s ,  

a n d  t o  D r .  H .  S .  H o l d e n ,  D i r e c t o r  o f  t h e  M e t r o p o l i t a n  P o l i c e  L a b o r a t o r y ,  

f o r  h i s  p e r m i s s i o n  t o  p u b l i s h  t h e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n .

R e f e r e n c e s

1 .  D o d d s ,  Nature, 1 9 3 8 ,  141, 2 4 7 .

2 . D i n g e m a n s e ,  Nature, 1 9 4 0 ,  145, 8 2 5 .

3 .  T u b i s  a n d  B l o o m ,  Ind. Engng. C h ew ., Anal. Ed., 1 9 4 2 .  14, 3 0 9 .

4 .  H u f  a n d  W i d m a n n ,  H op p e-S eyl. Z „  1 9 4 2 ,  2 7 4 ,  8 8 .

5 . M a l p r e s s ,  Biochem . J., 1 9 4 5 ,  39, 9 5 .

6 . C o c k i n g ,  A nalyst, 1 9 4 3 ,  6 8 ,  1 4 4 .

7 .  C o c k i n g ,  Analyst. 1 9 4 6 ,  71, 6 6 .
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B y  W .  H .  L i n n e l l  a n d  C .  C .  S h e n

F rom  the Pharmaceutical Chem istry R esearch Laboratories o f  the School of 
Pharm acy, U niversity o f  Lon don

R e c e i v e d  O c t o b e r  1 4 ,  1 9 4 9

R u p e ,  e l  a l.1 d e s c r i b e d  a  r e a r r a n g e m e n t  i n  w h i c h  1 - e t h y n y l c y c / c -  

h e x a n o l - 1  ( I )  w a s  h e a t e d  w i t h  8 5  p e r  c e n t ,  f o r m i c  a c i d .  T h e y  a s s e r t e d  

t h a t  t h e  c o m p o u n d  o b t a i n e d  w a s  c y c f o h e x y l i d e n e  a c e t a l d e h y d e  ( I I )  o n  t h e  

e v i d e n c e  o f  a  p o s i t i v e  c o l o u r  t e s t  w i t h  S c h i f f ’ s  r e a g e n t ,  b u t  t h e  p h y s i c a l  

c o n s t a n t s  o f  i t s  h y d r o g e n a t e d  p r o d u c t  w e r e  n o t  q u i t e  t h o s e  e x p e c t e d .  

O n  t h e  o t h e r  h a n d ,  o z o n o l y s i s  o f  t h e  c o m p o u n d  g a v e  n o t  c y c / o h e x a n o n e  

b u t  a d i p i c  a c i d .  I t  w a s  l a t e r  s h o w n  b y  F i s c h e r  a n d  L o e w e n b e r g 2 t h a t  

t h e  c o m p o u n d  w a s  a c t u a l l y  l - a c e t y l - c y c Z o h e x e n e - l ( I I I ) .  F u r t h e r ,  i t  w a s  

e s t a b l i s h e d  b y  H u r d  a n d  J o n e s 3 t h a t ,  i n  a n  a n a l o g o u s  m a n n e r ,  1 - e t h y n y l -  

c y c / o h e x a n o l - 1  w a s  c o n v e r t e d  b y  t h i o n y l  c h l o r i d e  i n  p r e s e n c e  o f  p y r i d i n e  

i n t o  1 - a - c h l o r o v i n y l - c y c / o h e x e n e - l  ( I V ) .

A  MOTE ON RUPE’S REARRAN G EM EN T

X

"
\

/
°

III o X CH C H O

II
/ \
1 1

0 = C —CH

1
/ \  ■ 
| I

Cl—C = C H .

A
1 1
\ /

1 1
\ /

1 !

\ / '

1 J
\ /

I . I I . m . I V .

H u r d  a n d  C h r i s t 4 r e p e a t e d  R u p e ’ s  r e a r r a n g e m e n t  a n d  t h e  p r o d u c t ,  

b o i l i n g  a t  6 0 °  t o  6 4 ° C . / 4  m m . ,  w a s  i d e n t i c a l  i n  e v e r y  r e s p e c t  w i t h  t h e  

1 - a c e t y  I c y c / o h e x e n e - 1  p r e p a r e d  b y  D a r z e n ’ s  m e t h o d  f r o m  a c e t y l  c h l o r i d e  

a n d  c y c / o h e x e n e .  B o t h  g a v e  a  s e m i c a r b a z o n e  m e l t i n g  a t  2 2 0 °  t o  2 2 1  ° C .  

a n d  n o  d e p r e s s i o n  w a s  o b s e r v e d  o n  d e t e r m i n i n g  a  m i x e d  m e l t i n g - p o i n t .

O n  a t t e m p t e d  d e h y d r a t i o n  o f  1 - e t h y n y l c y c / o h e x a n o l - l  w i t h  a n h y d r o u s  

o x a l i c  a c i d ,  L e v i n a  a n d  V i n o g r a d o v a 5 o b t a i n e d  t h e  s a m e  1 - a c e t y l - c y c / o -  

h e x e n e - 1 ,  b u t  B e r g m a n n  a n d  B e r g m a n n 6 r e p o r t e d  c y c l o h e x a n o n e  a n d  

c y c / o h e x e n y l a c e t i c  a c i d  a s  t h e  p r o d u c t .

I n  t h i s  l a b o r a t o r y ,  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  u n d e r  s i m i l a r  c o n 

d i t i o n s .  O n  h e a t i n g  1 - c t h y n y l c y c / o h e x a n o l - l  w i t h  a n h y d r o u s  o x a l i c  a c i d  

a t  1 2 0 ° C .  a  v i g o r o u s  r e a c t i o n  s o o n  s e t  i n ,  a f t e r  t h e  s u b s i d e n c e  o f  w h i c h  

t h e  m i x t u r e  w a s  h e a t e d  f o r  a n o t h e r  l  j  h o u r s  a n d  t h e  p r o d u c t  i s o l a t e d  

b y  e x t r a c t i o n  w i t h  b e n z e n e  a n d  f r a c t i o n a t i o n .  I n v a r i a b l y ,  a  y i e l d  o f  a b o u t  

4 0  p e r  c e n t ,  o f  1 - a c e t y l c y c / o h e x e n e - 1  w a s  o b t a i n e d  t o g e t h e r  w i t h  a  l i t t l e  

o f  a  l o w - b o i l i n g  f r a c t i o n ,  t h e  r e s i d u e  i n  t h e  f l a s k  b e i n g  p o l y m e r i s e d  t a r r y  

m a t t e r .  T h e  m a i n  f r a c t i o n  s h o w e d  t h e  f o l l o w i n g  c o n s t a n t s  b . p t .  6 3 °  t o  

6 4 ° C . / 6 m m . , n 2D3 ‘ c - 1 - 4 9 0 3 ,  n ) f c - 1 - 4 9 2 8 ,  d f c - 0 - 9 6 7 8 ,  E M D 0 - 7 9 ,  a n d  g a v e  

n o  c o l o u r  w i t h  S c h i f f ’ s  r e a g e n t  a f t e r  s t a n d i n g  o v e r n i g h t ,  a l t h o u g h  i t  

r e d u c e d  F e h l i n g ’ s  s o l u t i o n  o n  s h a k i n g  i n  a  b o i l i n g  w a t e r - b a t h .  I t  g a v e  a
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s e m i c a r b a z o n e  ( f r o m  a c e t o n e / c h l o r o f o r m ) ,  m e l t i n g  a t  2 1 0 ° C .  a n d  a  

2 : 4 - d i n i t r o p h e n y l h y d r a z o n e  ( f r o m  a c e t o n e / c h l o r o f o r m ) ,  m e l t i n g  a t  2 0 4 D 

t o  2 0 5  ° C .  I t s  u l t r a - v i o l e t  a b s o r p t i o n  s p e c t r u m  w a s  t a k e n  a n d  i s  s h o w n  

i n  F i g u r e  1 ;  X m a x .  2 3 4  m u , ,  E } ^ r c e n t - 9 5 7 ,  l o g .  e 4 - 0 7 5  ( i n  a b s o l u t e  

a l c o h o l ) .  A d d i t i o n a l  d i r e c t  p r o o f  o f  t h e  m e t h y l  k e t o n e  s t r u c t u r e  w a s  

o b t a i n e d  b y  a  p o s i t i v e  i o d o f o r m  t e s t .

W. H. LINNELL AND C. C. SHEN

A n  a t t e m p t  w a s  t h e n  m a d e  t o  e x p l a i n  t h e  m e c h a n i s m  o f  t h i s  r e a c t i o n .  

A s  b o t h  8 5  p e r  c e n t ,  f o r m i c  a c i d  a n d  a n h y d r o u s  o x a l i c  a c i d  a r e  

d e h y d r a t i n g  a g e n t s ,  i t  w a s  p o s t u l a t e d  t h a t  t h e  r e a c t i o n  p r o c e e d e d  b y  a  

p r i m a r y  d e h y d r a t i o n  a n d  a  s u b s e q u e n t  h y d r a t i o n :

HO C=CH C=CH ECOIu
—IIo

\ / I
/ \ A / \
| | — H,0 | | + h 2o ! !
\ /  * \ /  ~ \ /
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T h i s  w a s  s u b s t a n t i a t e d  b y  s u b j e c t i n g  1  - e t h y  n y l c y c / o h e x e n e - 1  t o  

s i m i l a r  t r e a t m e n t  w i t h  8 5  p e r  c e n t ,  f o r m i c  a c i d ,  a n d  w i t h  a n n y d r o u s  o x a l i c  

a c i d  p l u s  a  l i t t l e  w a t e r .  I n  t h e  f o r m e r  c a s e  a  5 2  p e r  c e n t ,  y i e l d  a n d  i n  t h e  

l a t t e r  a  2 9 - 5  p e r  c e n t ,  y i e l d ,  o f  t n e  1 - a c e t y l c y c / o h e x e n e - l  w e r e  o b t a i n e d .  

T h e  p r o d u c t ,  o n  a n a l y s i s  a n d  d e t e r m i n a t i o n  o f  t h e  p h y s i c a l  c o n s t a n t s ,  

g a v e  t h e  r e q u i r e d  f i g u r e s  a n d  n o  d e p r e s s i o n  o f  t h e  m e l t i n g - p o i n t  w a s  

o b s e r v e d  w h e n  t h e  s e m i c a r b a z o n e  a n d  t h e  2 : 4 - d i n i t r o p h e n y i h y d r a z o n e  

o b t a i n e d  f r o m  i t  w e r e  m i x e d  w i t h  t h o s e  o b t a i n e d  a s  d e s c r i b e d  a b o v e .  

A b s o r p t i o n  m a x i m u m  2 3 4 u ,  a n d  E J ^ rc e n t  w e r e  9 5 8  a n d  9 5 4  r e s p e c t i v e l y  

( i n  a b s o l u t e  a l c o h o l ) .

RUPE'S REARRANGEMENT

E x p e r i m e n t a l

1 .  R e a r r a n g e m e n t  o f  1 -e th y n y l c y c l o h e x a n o l -1  o y  h ea tin g  w ith  
a n h y d r o u s  o x a l ic  a c id .— 1 - e t h y n y l - c y c / o h e x a n o l - l  ( 1 3 - 0  g . )  w a s  m i x e d  

w i t h  a n h y d r o u s  o x a l i c  a c i d  ( 9 - 0  g . )  a n d  t h e  m i x t u r e  w a s  h e a t e d  u n d e r  a  

r e f l u x  c o n d e n s e r  i n  a n  o i l  b a t h  a t  1 2 0 °  C .  A  v i g o r o u s  r e a c t i o n  s o o n  

s e t  i n  a n d  t h e  h e a t i n g  w a s  i n t e r r u p t e d  b y  l i f t i n g  t h e  f l a s k  o u t  o f  t h e  

o i l  b a t h .  W h e n  t h e  r e a c t i o n  h a d  s u b s i d e d  t h e  b l a c k i s h  m i x t u r e  w a s  

h e a t e d  a t  1 2 0 ° C .  f o r  a n o t h e r  1 i. h o u r s .  A f t e r  c o o l i n g ,  t h e  p r o d u c t  

w a s  e x t r a c t e d  w i t h  b e n z e n e  a n d  t h e  b e n z e n e  e x t r a c t  w a s  w a s h e d  a n d  

d r i e d .  O n  f r a c t i o n a t i o n ,  t h e  f r a c t i o n  d i s t i l l i n g  a t  6 0 °  t o  7 0 ° C . / 6  t o  

1 0  m m .  w a s  c o l l e c t e d ,  w h i c h  o n  r e d i s t i l l a t i o n ,  m a i n l y  d i s t i l l e d  a t  

6 3 °  t o  6 4 ° C . / 6 m m .  H g .  p r e s s u r e .  Y i e l d :  5  g .  ( 3 8  p e r  c e n t . ) .  F o u n d :  

C ,  7 7 - 7 5 ;  H ,  9 - 8 7  p e r  c e n t . ;  C 8H 1 2 0  r e q u i r e s  C ,  7 7 - 4 0 ;  H ,  9 - 7 5  p e r  c e n t .  

n o ° c  l  - 4 9 2 8 ,  n g ° c - 1 - 4 9 0 3 ,  d f ” ° -  0 - 9 6 7 8 ;  m o l e c u l a r  r e f r a c t i o n ,  a c c o r d 

i n g  t o  1 - a c e t y l - c y c l o h e x e n e - 1 :  f o u n d  3 7 - 2 8 ;  c a l c u l a t e d  3 6 - 4 9 ,  E M  D 0 - 7 9 .  

I t  g a v e  n o  p r e c i p i t a t e  w i t h  a m m o n i a c a l  s i l v e r  n i t r a t e ,  g a v e  n o  a c t i v e  

h y d r o g e n  ( Z e r e w i t i n o f f ) ;  d i d  n o t  r e s t o r e  S c h i f f ’ s  r e a g e n t  o n  s t a n d i n g  o v e r 

n i g h t ,  b u t  r e d u c e d  F e h l i n g ’ s  s o l u t i o n  o n  h e a t i n g  i n  a  b o i l i n g  w a t e r - b a t h  

w i t h  s h a k i n g .  T o  a  f e w  d r o p s  o f  t h e  p r o d u c t  i n  a  t e s t  t u b e ,  5  m l .  o f  a  

s o l u t i o n  o f  i o d i n e  i n  p o t a s s i u m  i o d i d e  a n d  2  m l .  o f  2 0  p e r  c e n t ,  s o d i u m  

h y d r o x i d e  s o l u t i o n  w e r e  a d d e d ,  a  y e l l o w  c r y s t a l l i n e  p r e c i p i t a t e  f o r m e d  

w a s  i d e n t i f i e d  a s  i o d o f o r m .  T h e  s e m i c a r b a z o n e ,  r e c r y s t a l l i s e d  f r o m  a  

m i x t u r e  o f  c h l o r o f o r m  a n d  a c e t o n e  m e l t e d  a t  2 1 0 ° C .  F o u n d :  C ,  5 9 - 8 6 ;  

H ,  8 - 4 7 ;  N ,  2 2 - 6 0  p e r  c e n t .  C 9H 1 5 O N 3 r e q u i r e s  C ,  5 9 - 6 4 ;  H ,  8  3 4 ;  

N ,  2 3 - 1 9  p e r  c e n t .  T h e  2 : 4 - d i n i t r o p h e n y l h y d r a z o n e ,  r e c r y s t a l l i s e d  f r o m  

a  m i x t u r e  o f  c h l o r o f o r m  a n d  a c e t o n e ,  m e l t e d  a t  2 0 4 °  t o  2 0 5 ° C .  F o u n d :  

C ,  5 5 - 2 6 ;  H ,  5 - 4 4 ;  N ,  1 8 1  p e r  c e n t .  C 14 H 16 0 4N 4 r e q u i r e s  C ,  5 5 - 2 6 ;  

H ,  5 - 3 0 ;  N ,  1 8 - 4 2  p e r  c e n t .  A b s o r p t i o n  s p e c t r u m :  m a x .  2 3 4  m / s  

Ej cm cent 9 5 7 ,  l o g  e 4 - 0 7 5  ( i n  a b s o l u t e  a l c o h o l ) .

2 .  A d d i t i o n  o f  w a te r  o n  to  1 - e t h y n y l c y d o h e x e n e -1  in p r e s e n c e  o f  
o x a l ic  a c id .— 1 - e t h y n y l c y c / o h e x e n e - 1  ( 5  g . )  w a s  h e a t e c  w i t h  a n h y d r o u s  

o x a l i c  a c i d  ( 3 - 5  g . )  a n d  w a t e r  ( 0 - 5  g . )  i n  e x a c t l y  t h e  s a m e  m a n n e r  a s  

b e f o r e .  O n  f r a c t i o n a t i o n  o f  t h e  b e n z e n e  e x t r a c t  o f  t h e  p r o d u c t ,  t h e  

f r a c t i o n  5 5  t o  6 0 ° C . / 7  m m .  H g  p r e s s u r e  w a s  c o l l e c t e d ,  w h i c h  o n  r e d i s 

t i l l a t i o n  g a v e  a  m a i n  d i s t i l l a t e  a t  5 8 ° C . / 5  m m .  H g .  p r e s s u r e .  Y i e l d ,

1 - 7  g .  ( 2 9 . 5  p e r  c e n t . )  n ^ " 0  1 - 4 9 2 3 ,  n  “ ”c - 1 - 4 9 0 0 .  R e a c t i o n s  w e r e  f o u n d
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t o  b e  t h e  s a m e  a s  b e f o r e .  F o u n d :  C ,  7 7  2 3 ;  H ,  9  7 4  p e r  c e n t .  C sH 12 0  

r e q u i r e s  C ,  7 7 - 4 0 ,  H ,  9 - 7 5  p e r  c e n t .  T h e  s e m i c a r b a z o n e  a n d  2 : 4 - d i n i t r o -  

p h e n y l h y d r a z o n e  s h o w e d  t h e  s a m e  m e l t i n g - p o i n t ,  a n d  m i x e d  m e l t i n g -  

p o i n t s  s h o w e d  n o  d e p r e s s i o n s  w h e n  m i x e d  w i t h  t h e  c o r r e s p o n d i n g  

d e r i v a t i v e s  o b t a i n e d  f r o m  e x p e r i m e n t  1 .  A b s o r p t i o n  m a x i m u m  

2 3 4  m ^ ,  E J ^ j r c e n t - 9 5 4  ( i n  a b s o l u t e  a l c o h o l ) .

3 .  A d d i t io n  o f  w a te r  t o  1 - e t h y l c y c l o h e x e n e - l  in  p r e s e n c e  o f  5 8  p er  
c e n t , f o r m i c  a c id .— T h e  r e a c t i o n  w a s  c a r r i e d  o u t  a c c o r d i n g  t o  t h e  

c o n d i t i o n s  g i v e n  b y  R u p e 1  f o r  h i s  r e a r r a n g e m e n t  o f  1 - e t h y n y l c y d o -  

h e x a n o l - 1 .  1  - E t h y n y l c y c / o h e x e n e - 1  ( 5  g . )  w a s  r e f l u x e d  w i t h  8 5  p e r  c e n t ,  

f o r m i c  a c i d  ( 4 0  m l . )  i n  a n  o i l  b a t h  a t  1 2 0 ° C .  A  v i g o r o u s  b u t  s m o o t h  

r e a c t i o n  s t a r t e d  a n d  t h e  m i x t u r e  t u r n e d  d a r k  c o l o u r e d .  A f t e r  f u r t h e r  

h e a t i n g  f o r  2 \  h o u r s ,  t h e  a c i d  w a s  n e u t r a l i s e d  w i t h  s o d i u m  c a r b o n a t e  a n d  

t h e  p r o d u c t  w a s  e x t r a c t e d  w i t h  b e n z e n e .  T h e  b e n z e n e  e x t r a c t  w a s  t h e n  

w a s h e d  a n d  d r i e d .  O n  f r a c t i o n a t i o n  a  d i s t i l l a t e  w a s  c o l l e c t e d  b e t w e e n  

5 0  a n d  5 8 ° C . / 7  m m .  H g  p r e s s u r e  w h i c h  o n  r e d i s t i l l a t i o n  d i s t i l l e d  m a i n l y  

a t  5 8 ° C . / 5  m m .  H g  p r e s s u r e .  Y i e l d : 3  g .  ( 5 2  p e r  c e n t . )  n 1̂ "  °  1 - 4 9 2 5 :  

n o " c - 1 - 4 9 0 1 .  T h e  r e a c t i o n s  w e r e  f o u n d  t o  b e  i d e n t i c a l  w i t h  t h o s e  

p r e v i o u s l y  r e c o r d e d  a b o v e .  F o u n d :  C ,  7 7 1 3 ;  H ,  9  6 0  p e r  c e n t .  C 8H 1 2 0  

r e q u i r e s  C ,  7 7 - 4 0 ;  H ,  9 - 7 5  p e r  c e n t .  T h e  s e m i c a r b a z o n e  a n d  2 : 4 - d i n i t r o -  

p h e n y l h y d r a z o n e  g a v e  t h e  s a m e  m e l t i n g - p o i n t s  a s  t h o s e  f r o m  e x p e r i 

m e n t s  1  a n d  2  a n d  t h e  m i x e d  m e l t i n g - p o i n t s  s h o w e d  n o  d e p r e s s i o n .

A b s o r p t i o n  m a x i m u m : 2 3 4  m / s  E  J  cent- 9 5 8  ( i n  a b s o l u t e  a l c o h o l ) .
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1 .  R u p e ,  M e i s n e r  a n d  K a m b l i ,  H elv . cliim. A cta , 1 9 2 8 ,  1 1 ,  4 4 9 .
2 .  F i s c h e r  a n d  L o e w e n b u r g ,  Liebig’s  Arm ., 1 9 2 9 ,  4 7 5 ,  2 0 3 .
3 .  H u r d  a n d  J o n e s ,  J. A m er . chem . Soc., 1 9 3 4 ,  5 6 ,  1 9 2 4 .
4 .  H u r d  a n d  C h r i s t ,  J. A m er . chem . Soc., 1 9 3 7 ,  5 9 ,  1 1 8 .
5 .  L e v i n a  a n d  V i n o g r a d o v a ,  J. appl. C hem ., U .S .S .R ., 1 9 3 6 ,  9 , 1 2 9 9 ;  C h em . Abs..

1937, 25877.
6 . B e r g m a n n  a n d  B e r g m a n n ,  J. A m er . chem . Soc., 1 9 3 7 ,  5 9 ,  14 4 9 .
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B y  V .  M .  V e n t u r i

F rom  the Institute o f  Pharm acology and Experim ental Therapeutics, University
o f  Pavia

R e c e i v e d  O c t o b e r  1 7 ,  1 9 4 9

S i n c e  1 9 4 4  s y s t e m a t i c  s t u d i e s  h a v e  b e e n  c a r r i e d  o u t  i n  t h i s  I n s t i t u t e  

( M a s c h e r p a 1 ) ,  i n  o r d e r  t o  d i s c o v e r  t h e  r e l a t i o n  b e t w e e n  m o u n t a i n  c l i m a t e  

a n d  t h e  a c t i v i t y  o f  c e r t a i n  d r u g s .  M a r a n g o n i  2 a n d  D o r d i 3 h a v e  s t u d i e d  

v a l e r i a n ,  f r a n g u l a  a n d  a c o n i t e ;  s i m i l a r  r e s e a r c h e s  a r e  n o w  b e i n g  m a d e  

o n  D ig ita lis  lu tea ,  a n d  o n  s o m e  v i t a m i n - c o n t a i n i n g  f r u i t s .  M a n y  a u t h o r s  

h a v e  a l r e a d y  i n v e s t i g a t e d  t h i s  s u b j e c t ,  w h i c h  i s  i n t e r e s t i n g  f r o m  b o t h  t h e  

s c i e n t i f i c  a n d  p r a c t i c a l  p o i n t s  o f  v i e w ;  f o r  r e f e r e n c e s ,  b e s i d e s  t h e  c i t e d  

a u t h o r s ,  t h e  r e v i e w s  i n  M e i e r ’ s 4 a n d  B a n n i n g e r ’ s 5 w o r k s  m a y  b e  c o n 

s u l t e d .  N o  r e s e a r c h  h a s  y e t  b e e n  m a d e ,  a s  f a r  a s  I  k n o w ,  o n  t h e  r e l a t i o n  

b e t w e e n  t h e  t o x i c i t y  a n d  c o l c h i c i n e  c o n t e n t  o f  c o l c h i c u m ,  a n d  m o u n t a i n  

c l i m a t e .

THE COLCHICINE CONTENT AND TO XICITY  OF COLCHICUM
SEEDS AND CORMS COLLECTED A T  DIFFERENT HEIGHTS

M a t e r ia l  a n d  T e c h n iq u e

T h e  m a t e r i a l  u s e d  w e r e  t h e  s e e d s  a n d  c o r m s  o f  C o l c h i c u m  a u tu m n a le  
L „  c o l l e c t e d  i n  t h e  m o n t h s  o f  J u l y  a n d  A u g u s t  o n  t h e  A l p s  ( v a l l e y s  o f  

A o s t a  a n d  F i e m m e ) ,  o n  t h e  A p e n n i n e s  a n d  i n  t h e  p l a i n  ( p r o v i n c e  o f  

P a v i a ) ,  a t  t h e  h e i g h t s  o f  5 0 ,  1 0 0 ,  1 0 0 0 ,  1 2 0 0 ,  1 4 0 0  a n d  2 2 0 0  m e t r e s  a b o v e  

s e a  l e v e l .  A t  t h e  h e i g h t s  f o r  w h i c h  i t  w a s  p o s s i b l e ,  t h e  m a t e r i a l  w a s  c o l 

l e c t e d  i n  d i l f e r e n t  p l a c e s ,  i n  t h e  a t t e m p t  t o  e x c l u d e  o t h e r  f a c t o r s  t h a n  

a l t i t u d e ,  s u c h  a s  s o i l ,  s u n l i g h t ,  w i n d s ,  r a i n s ,  e v e n t u a l  f e r t i l i s a t i o n ,  e t c .  

P l a n t s  g r o w i n g  w i l d  o n  u n t i l l e d  g r o u n d  a n d  s h o w i n g  r i p e  s e e d s  i n  d r i e d  

c a p s u l e s  w e r e  c o l l e c t e d .  T h e  s e e d s  a n d  c o r m s ,  a f t e r  b e i n g  d r i e d  f i r s t  a t  

r o o m  t e m p e r a t u r e ,  t h e n  i n  a n  o v e n  a t  4 5  ° C .  u n t i l  o f  c o n s t a n t  w e i g h t ,  

w e r e  p o w d e r e d  a n d  a l l  s t o r e d  u n d e r  t h e  s a m e  c o n d i t i o n s .

F o r  t h e  c h e m i c a l  d e t e r m i n a t i o n  o f  c o l c h i c i n e ,  f r o m  t h e  n u m e r o u s  

m e t h o d s  s u g g e s t e d  t h e  m e t h o d  o f  S e l f  a n d  C o r f i e l d 6 a d o p t e d  i n  t h e  

B r i t i s h  P h a r m a c o p o e i a  w a s  s e l e c t e d  b e c a u s e  o f  i t s  g r e a t e r  q u i c k n e s s  a n d  

a c c u r a c y .  F o r  t h e  t o x i c i t y  t e s t s  t i n c t u r e s  w e r e  p r e p a r e d  b y  p e r c o l a t i o n  

( 1 0  p e r  c e n t . )  a c c o r d i n g  t o  t h e  P h a r m a c o p o e i a  H e l v e t i c a  V  ( I t a l i a n  

e d i t i o n ) .  T h e s e  t e s t s  w e r e  m a d e ,  f o r  e a c h  s a m p l e  g a t h e r e d ,  o n  3  g r o u p s  

o f  a l b i n o  m i c e  ( a v e r a g e  w e i g h t  2 5  g . ) ,  w h i c h  r e c e i v e d  i n t r a p e r i t o n e a l l y  

d o s e s  o f  0 - 0 0 1 0 ,  0  0 0 1 5  a n d  0  0 0 2 0  g .  o f  d r u g  p e r  g .  o f  w e i g h t .  T h e  

m o r t a l i t y  w a s  o b s e r v e d  a f t e r  9 6  h o u r s .

E x p e r i m e n t a l  R e s u l t s

C h e m ic a l  a s s a y s .— T h e  r e s u l t s  o f  t h e  c h e m i c a l  a s s a y s  a r e  r e p o r t e d  i n  

T a b l e  I ;  t h e  p e r c e n t a g e s  o f  c o l c h i c i n e  a r e  r e f e r r e d  t o  t h e  d r y  d r u g .

T h e s e  r e s u l t s  s h o w  t h a t  t h e  c o l c h i c i n e  g e n e r a l l y  d e c r e a s e s  a s  t h e  a l t i 

t u d e  i n c r e a s e s ;  t h i s  d i m i n u t i o n  i s  f a r  m o r e  d e f i n i t e  i n  t h e  s e e d s  t h a n  i n  

t h e  c o r m s .
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V .  M .  V E N T U R I

T A B L E  I

C h e m i c a l  a s s a y s

M etres above sea level
Average weight 

o f  100 seeds 
g-

C o lchic ine 
in  seeds 
per cent.

Average weight 
o f  one co rm  

g-

C o lch ic ine  
in  corm s 
per cent.

5 0 ............................................ 0-541 0-45 0-646 0-150

1 0 0 ............................................ 0-299 0-55 0-750 0 098

1000 ............................................ © oo 0-35 5 066 0-077

1200 ............................................ 0-341 0-37 1-415 0-125

1400 ............................................ 0-462 0-22 2-042 0-132

2200 ............................................ 0-337 0-24 4-617 0-085

T o x i c i t y  T e s t s .— T h e  r e s u l t s  o f  t h e  t o x i c i t y  t e s t s  f o r  s e e d s  a n d  c o r m s  

a r e  s h o w n  i n  T a b l e  I I .

T A B L E  I I  

T o x i c i t y  t e s t s

M o rta lity  per cent, to  the  doses

Metres above sea level 0-0010 g. 0-0015 g. 0 0020 g.

Seeds C orm s Seeds Corm s Seeds Corm s

50 ............................................ 80 70 100 60 100 90

100 ............................................ 90 30 90 30 100 70

1000 ............................................ 60 40 60 80 60 30

1200 .............................. 50 60 60 50 70 100

1400 ............................................ 30 20 50 50 60 60

2200 ............................................ 30 30 40 80 60 50

T h e  r e s u l t s  o f  t h e  d e t e r m i n a t i o n  o f  c o l c h i c i n e  o b t a i n e d  a r e  g e n e r a l l y  

c o n f i r m e d : i n  s e e d s  a  d i m i n u t i o n  o f  t o x i c i t y  i s  o b s e r v e d  a s  t h e  a l t i t u d e  

i n c r e a s e s ;  i n  c o r m s  a  r e l a t i o n  b e t w e e n  t o x i c i t y  v a r i a t i o n s  a n d  a l t i t u d e  

c a n n o t  b e  d e t e c t e d .

S u m m a r y  a n d  C o n c l u s i o n s

1 .  T h e  c o n t e n t  o f  c o l c h i c i n e ,  a n d  t o x i c i t y ,  w e r e  s t u d i e d  i n  r e l a t i o n  

t o  a l t i t u d e  i n  t h e  s e e d s  a n d  c o r m s  o f  C o l c h i c u m  a u tu m n a le  L . ,  g a t h e r e d  

o n  t h e  A l p s ,  A p e n n i n e s  a n d  t h e  p l a i n ,  a t  t h e  h e i g h t s  r a n g i n g  f r o m  5 0  

m e t r e s  t o  2 2 0 0  m e t r e s  a b o v e  s e a  l e v e l ;  t h e  r e s u l t s  o b t a i n e d  p e r m i t  o n l y  

g e n e r a l  c o n c l u s i o n s  t o  b e  d r a w n .

2 .  I n  g e n e r a l ,  a s  a l t i t u d e  i n c r e a s e s ,  t h e r e  i s  a  d i m i n u t i o n  i n  t h e  c o l 

c h i c i n e  c o n t e n t  a n d  t h e  t o x i c i t y  o f  s e e d s ;  t h e  c o l c h i c i n e  c o n t e n t  a n d  t h e  

t o x i c i t y  o f  c o r m s  d o  n o t  s e e m  t o  b e  i n  e v i d e n t  r e l a t i o n  t o  a l t i t u d e .
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3 .  W i t h  r e g a r d  t o  t h e s e  r e s u l t s ,  t h e  g r e a t e r  i n f l u e n c e  o f  c l i m a t i c  

v a r i a t i o n s  o n  o v e r g r o u n d  t h a n  o n  u n d e r g r o u n d  o r g a n s ,  a n d  t h e  f a c t  t h a t  

t h e  l a t t e r ,  b e i n g  s t o r a g e  o r g a n s ,  t a k e  g e n e r a l l y  a  l e s s  a c t i v e  p a r t  i n  t h e  

m e t a b o l i c  c h a n g e s  c a u s e d  b y  c l i m a t i c  f a c t o r s  o n  p l a n t s  m a y  b e  c o n 

s i d e r e d .

4 .  T h e  a d v a n t a g e  o f  u s i n g  s e e d s  r a t h e r  t h a n  c o r m s  i s  c o n f i r m e d .  T h e  

n e c e s s i t y  f o r  a  s t r i c t  c h e m i c a l  a n d  p h a r m a c o l o g i c a l  c o n t r o l  o f  c o l c h i c u m  

t o  b e  u s e d  f o r  t h e r a p e u t i c  p u r p o s e s  i s  a l s o  c o n f i r m e d .  F r o m  t h e  

c h e m i c a l  p o i n t  o f  v i e w ,  c o l c h i c u m  g a t h e r e d  a s  f a r  a s  1 0 0 0  m e t r e s  a b o v e  

s e a  l e v e l  i s  t o  b e  p r e f e r r e d .

COLCHICUM SEEDS AND CORMS
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ANTIBACTERIAL COLLOIDAL ELECTROLYTES:
THE POTENTIATION OF THE ACTIVITIES OF MERCURIC-, 
PHENYLMERCURIC- AND SILVER IONS BY A COLLOIDAL 

SULPHONIC ANION

B y  A .  A .  G o l d b e r g ,  M .  S h a p e r o  a n d  E .  W i l d e r

From  the Research Laboratories, W a-d , Blenkinsop & C o ., Ltd.,
Shepton M allet, S o  nerset

R e c e i v e d  O c t o b e r  3 ,  1 9 4 9

T h e  i m p a i r m e n t  o f  t h e  a n t i b a c t e r i a l  a c t i v i t y  o f  i n o r g a n i c  m e r c u r i c  s a l t s  

b y  b l o o d  s e r u m ,  p u s  a n d  t i s s u e  d e b r i s  h a s  l e a d  i n  r e c e n t  y e a r s  t o  t h e  

i n t r o d u c t i o n  o f  s a l t s  o f  p h e n y l m e r c u r i c  h y d r o x i d e ,  n o t a b l y  t h e  a c e t a t e ,  

n i t r a t e  a n d  b o r a t e 1 ’2 ’3 '4,5 6 . A r m a n g u e  a n d  M a e s t r e s 7 a n d  l a t e r  J e n s e n 8 

c o n c l u d e d  f r o m  w o r k  w i t h  t h e s e  o r g a n o m e r c u r i c  s a l t s  t h a t  w h i l e  t h e  a c i d  

r a d i c a l  i n f l u e n c e s  s o l u b i l i t y  a n d  o t h e r  p h y s i c a l  p r o p e r t i e s  t h e  a n t i 

b a c t e r i a l  a c t i v i t y  i s  a n  i n d e p e n d e n t  f u n c t i o n  o f  t h e  p h e n y l m e r c u r i c  c a t i o n  

a n d  t h i s  a c t i v i t y  i s  n o t  s i g n i f i c a n t l y  e f f e c t e d  b y  t h e  p r e s e n c e  o f  s e r u m .

E v i d e n c e  w a s  p r e s e n t e d  b y  S i i p f l e  a n d  M i l l e r 9 t o  s h o w  t h a t  m e r c u r i c  

i o n s  a r e  a d s o r b e d  u p o n  t h e  c o r t i c a l  l a y e r  o f  t h e  b a c t e r i a l  c e l l s  t h e r e b y  

p o i s o n i n g  e s s e n t i a l  e n z y m e  s y s t e m s  ;  t h e  u n i o n ,  h o w e v e r ,  i s  l o o s e  a n d  

t r e a t e d  c e l l s  c a n  b e  r e v i v e d  b y  s h a k i n g  w i t h  a  s t r o n g e r  a b s o r b e n t  s u c h  

a s  b l o o d  c h a r c o a l .  T h e  s u p e r i o r i t y  o f  p h e n y l m e r c u r i c  s a l t s  m a y  b e  

a s s o c i a t e d  w i t h  t h e  p r e s e n c e  o f  t h e  b e n z e n e  n u c l e u s  w h i c h ,  b y  c o n f e r r i n g  

l i p o p h i l i c  p r o p e r t i e s  u p o n  t h e  a c t i v e  c a t i o n ,  r e n d e r s  t h e  u n i o n  o f  t h e  

o r g a n o - m e r c u r i a l  w i t h  t h e  b a c t e r i a l  e n v e l o p e  l e s s  e a s i l y  r e v e r s i b l e .

T h e  e n h a n c e m e n t  o f  t h e  a n t i b a c t e r i a l  a c t i v i t y  o f  i n o r g a n i c  m e r c u r i c  

s a l t s  b y  s u r f a c e  a c t i v e  a g e n t s  w a s  f i r s t  r e p o r t e d  b y  H a m i l t o n 10  w h o  

o b s e r v e d  t h a t  t h e  a c t i v i t y  o f  p o t a s s i u m  m e r c u r i c  i o d i d e  a g a i n s t  S ta p h y 

lo c o c c u s  a u reu s  w a s  i n c r e a s e d  t h r e e f o l d  b y  t h e  p r e s e n c e  o f  s o d i u m  s a l t s  

o f  l o n g  c h a i n  a l i p h a t i c  c a r b o x y l i c  a c i d s .  L a t e r ,  H a m p i l 1 1  s h o w e d  t h a t  

c e r t a i n  c o n c e n t r a t i o n s  o f  s o d i u m  o l e a t e  g r e a t l y  a u g m e n t  t h e  a c t i v i t y  o f  

m e r c u r i c  c h l o r i d e  a g a i n s t  t h i s  o r g a n i s m .  T o b i e  a n d  O r r 1 2  f o u n d  t h a t  

s o d i u m  d i o c t y l  s u l p h o s u c c i n a t e  s t r o n g l y  p o t e n t i a t e s  t h e  b a c t e r i c i d a l  

a c t i v i t y  o f  p h e n y l m e r c u r i c  n i t r a t e  a n d  s u g g e s t e d  t h a t  t h i s  w a s  d u e  t o  

t h e  f o r m a t i o n  o f  p h e n y l m e r c u r i c  d i o c t y l  s u l p h o s u c c i n a t e  a l t h o u g h  t h e y  

f a i l e d  t o  i s o l a t e  t h e  c o m p o u n d .  T h e  e n h a n c e m e n t  o f  a c t i v i t y  b y  s u r f a c e  

a c t i v e  a g e n t s  i s  n o t  c o n f i n e d  t o  m e r c u r i a l s .  O r d a l ,  W i l s o n  a n d  B o r g 1 3  

r e p o r t e d  t h a t  b o t h  s o d i u m  d i o c t y l  s u l p h o s u c c i n a t e  a n d  s o d i u m  l a u r y l  

s u l p h a t e  i n c r e a s e  t h e  a c t i v i t y  o f  2  : 4 - d i c h l o r o p h e n o l  a n d  a s c r i b e d  t h e  

a c t i o n  t o  t h e  g r e a t e r  p e n e t r a t i v e  p o w e r  o f  t h e  a n t i b a c t e r i a l  r e a g e n t  w h e n  

a s s o c i a t e d  w i t h  s u r f a c e  a c t i v e  c o m p o u n d s  ;  t h e  s a m e  e f f e c t  h a s  b e e n  

o b s e r v e d 1 3 , 14 , 1 5  w i t h  p h e n o l  i n  t h e  p r e s e n c e  o f  v a r i o u s  s o a p s .  I n  w o r k  

w i t h  c e t y l p y r i d i n i u m  c h l o r i d e  a n d  s o d i u m  t e t r a d e c y l  s u l p h a t e  D y a r  a n d  

O r d a l 16  s h o w e d  t h a t  t h e r e  i s  m u c h  g r e a t e r  a d s o r p t i o n  o f  t h e  f o r m e r  t h a n  

o f  t h e  l a t t e r  u p o n  a l l  b a c t e r i a  s t u d i e d  ; t h i s  a c c o r d s  w i t h  t h e  e s t a b l i s h e d
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f a c t  t h a t  c a t i o n i c  s o a p s  a r e  m u c h  m o r e  l e t h a l  t o  b a c t e r i a  t h a n  t h e  a n i o n i c  

s o a p s .

I o n i c  s u r f a c e  a c t i v e  a g e n t s  a r e  e s s e n t i a l l y  c o l l o i d a l  e l e c t r o l y t e s  w h i c h  

p o s s e s s  l i p o p h i l e - h y d r o p h i l e  b a l a n c e .  C o l l o i d a l  e l e c t r o l y t e s  p o s s e s s  t w o  

p r o p e r t i e s  b y  v i r t u e  o f  w h i c h  t h e y  i n f l u e n c e  b i o l o g i c a l  a c t i v i t y ,  v i z . ,  t h e i r  

s t r o n g  t e n d e n c y  t o  a d s o r b  a t  i n t e r f a c e s  a n d  t h e i r  p o w e r  t o  f o r m  c h a r g e d  

h y d r a t e d  c o l l o i d a l  a g g r e g a t e s  ( m i c e l l e s ) .  M i c e l l e s ,  o w i n g  t o  t h e i r  s t r u c 

t u r e ,  a d s o r b  i o n s  c a r r y i n g  a  c h a r g e  o p p o s i t e  t o  t h a t  u p o n  t h e  m i c e l l e  

a n d  i n  a d d i t i o n  a r e  a b l e  b y  t h e  p r o c e s s  o f  m o l e c u l a r  a d s o r p t i o n  t o  s o l u 

b i l i s e  m a n y  o r g a n i c  s u b s t a n c e s  w h i c h  a r e  n o r m a l l y  i n s o l u b l e  i n  w a t e r .  

M i c e l l a r  s o l u b i l i s a t i o n  i s  k n o w n  t o  f a c i l i t a t e  t r a n s p o r t  o f  s p a r i n g l y  

s o l u b l e  s u b s t a n c e s  a t  a  r a t e  w h i c h  m a y  b e  e n o r m o u s l y  g r e a t e r  t h a n  t h e  

n o r m a l  p r o c e s s  o f  s o l u t i o n  a n d  d i f f u s i o n .  T h e s e  p r o p e r t i e s  o f  s u r f a c e  

a c t i v e  c o m p o u n d s  l e d  t o  a n  i n t e r e s t  i n  c o l l o i d a l  e l e c t r o l y t e s  c o n t a i n i n g ,  

a s  t h e  c o n s t i t u e n t  c a t i o n ,  a n  i o n  o f  k n o w n  t o x i c i t y  t o  b a c t e r i a ,  v i z . ,  t h e  

m e r c u r i c ,  p h e n y l m e r c u r i c  a n d  s i l v e r  i o n s .  P r o v i d e d  t h e  r e s u l t i n g  c o l l o i d a l  

e l e c t r o l y t e  p o s s e s s e d  t h e  r e q u i s i t e  p h y s i c a l  c h a r a c t e r i s t i c s  i t  w a s  e x p e c t e d  

t h a t  t h e  c o l l o i d a l  a n i o n  w o u l d  p o t e n t i a t e  t h e  l e t h a l  a c t i o n  o f  t h e  m e t a l l i c  

o r  o r g a n o m e t a l l i c  c a t i o n  b y  p r o m o t i n g  a d s o r p t i o n  o f  t h e  l a t t e r  u p o n  

t h e  b a c t e r i a l  e n v e l o p e  a n d  t h a t  i n a c t i v a t i o n  o f  t h e  c a t i o n  b y  f o r m a t i o n  

o f  a  c o a g u l u m  w i t h  s e r u m  e l e c t r o l y t e s  w o u l d  b e  s u p p r e s s e d  b y  t h e  p r o c e s s  

o f  m i c e l l a r  s o l u b i l i s a t i o n  o f  t h e  c o a g u l u m .

T h e  c o l l o i d a l  a c i d  s e l e c t e d  f o r  t h e  p r e s e n t  w o r k  w a s  d i n a p h t h y l m e t h a n e  

d i s u l p h o n i c  a c i d  o b t a i n e d  b y  a  L e d e r e r - M a n a s s e  c o n d e n s a t i o n  o f  n a p h t h a -  

l e n e - 2 - s u l p h o n i c  a c i d  w i t h  f o r m a l d e h y d e .  T h e  s a l t s  o f  t h i s  a c i d  a r e  

s t r o n g l y  i o n i s e d  i n  a q u e o u s  s o l u t i o n  ;  t h e y  b e h a v e  a s  t y p i c a l  c o l l o i d a l  

e l e c t r o l y t e s  a n d  e x h i b i t  t h e  p h e n o m e n o n  o f  h y d r o t r o p y .  T h e  s t a n d a r d i s e d  

s o l u t i o n s  u s e d  c o n t a i n e d  1 . 0  g .  o f  m e r c u r i c - ,  s i l v e r -  o r  p h e n y l m e r c u r i c -  

d i n a p h t h y l m e t h a n e  d i s u l p h o n a t e s  a n d  1 9  g .  o f  p o t a s s i u m  d i n a p h t h y l 

m e t h a n e  d i s u l p h o n a t e  p e r  l i t r e .  C o m p a r i s o n  h a s  b e e n  m a d e  b e t w e e n  

t h e  b a c t e r i o s t a t i c  a c t i v i t i e s  o f  t h e s e  s o l u t i o n s  w i t h  t h o s e  o f  m e r c u r i c  

c h l o r i d e ,  s i l v e r  n i t r a t e  a n d  p h e n y l m e r c u r i c  a c e t a t e ,  t h e s e  b e i n g  c r y s t a l l o i d  

( n o n - c o l l o i d a l )  e l e c t r o l y t e s  c o n t a i n i n g  t h e  c o r r e s p o n d i n g  a n t i b a c t e r i a l  

c a t i o n s .  T h r e e  G r a m - p o s i t i v e  a n d  t h r e e  G r a m - n e g a t i v e  t e s t  o r g a n i s m s  

w e r e  u s e d ,  Staphylococcus aureus N C 7 3 6 1 ,  Streptococcus pyogenes 
N C 2 4 3 2 ,  B . subtilis N C 3 6 1 0 ,  E. coli N C 8 6 ,  Ps. pyocyaneus N C 1 9 9 9  a n d  

Proteus vulgaris N C 5 8 8 7 .  T h e  m e d i a  w e r e  L a b - L e m c o  b r o t h  ( B )  a n d  

b r o t h  c o n t a i n i n g  1 0  p e r  c e n t . ,  5 0  p e r  c e n t ,  a n d  8 0  p e r  c e n t ,  o f  n o r m a l  

h o r s e  s e r u m  ( 1 0  p e r c e n t . ,  S  5 0  p e r  c e n t .  S  a n d  8 0  p e r  c e n t .  S  r e s p e c t i v e l y 7)  

T a b l e s  I  a n d  I I  s h o w  t h e  e x p e r i m e n t a l l y  d e t e r m i n e d  m a x i m u m  d i l u t i o n s  

w h i c h  c o m p l e t e l y  i n h i b i t  v i s i b l e  g r o w t h  o f  t h e  o r g a n i s m  a f t e r  4 8  h o u r s  

i n c u b a t i o n  a t  3 7 ° C .  p - C h l o r o - m - x y l e n o l  a n d  p h e n o l  a r e  i n c l u d e d  f o r  

t h e  p u r p o s e  o f  c o m p a r i s o n .

I n  T a b l e  I I ,  r e l a t i n g  t o  t h e  s i l v e r  c o m p o u n d s ,  a r e  i n c l u d e d  t h e  e x 

p e r i m e n t a l l y  f o u n d  m a x i m u m  b a c t e r i o s t a t i c  d i l u t i o n s  o f  s i l v e r  p r o t e i n a t e ,  

s i l v e r  v i t e l l i n  a n d  “  c o l l o i d a l  s i l v e r . ”  I t  w a s  o f  i n t e r e s t  t o  i n c l u d e  t h e s e  

w e l l  k n o w n  p r o t e i n  s i l v e r — s i l v e r  o x i d e — s i l v e r  h y d r o x i d e  d i s p e r s i o n s

ANTIBACTERIAL COLLOIDAL ELECTROLYTES



s i n c e  t h e s e  w e r e  s p e c i f i c a l l y  i n t r o d u c e d  a s  s i l v e r  c o m p o u n d s  w h i c h ,  b y  

v i r t u e  o f  t h e i r  l o w  c o n t e n t  o f  io n ise d  s i l v e r ,  a v o i d  i n  v a r y i n g  d e g r e e s  

c o a g u l a t i o n  a n d  c o n s e q u e n t  i n a c t i v a t i o n  b y  s e r u m  a m p h o l y t e s .

A. A. GOLDBERG, M. SHAPERO AND E. WILDER

T A B L E  I

M a x i m u m  b a c t e r io s t a t ic  d i l u t i o n s  i n  m u l t ip l e s  o f  1 , 0 0 0  

( 4 8  h o u r s  i n c u b a t i o n )

Compound
Staph.
aureus

Strep.
pyogenes

E.
coli

B.
subtilis

Ps.
pyocyaneus

B.
Proteus
vulgaris

M ercu ric  ch lo ride  ; H g , 74 per 
cent. :—

B ............................................ 20 20 14 10 10 14
10 per cent. S.............................. 20 20 14 14 10 14
50 per cent. S... 10 10 8 8 S 8
80 per cent. S.............................. 8 8 5 4

.
2 4

M ercu ry  d inaphthy lm ethane d i-
sulphonate, H g ,32per ce n t.:-

12B ........................................... 12 8 8 Ö 8
10 per cent. S.............................. 18 18 8 10 8 10
50 per cent. S.............................. 18 18 10 10 8 10
80 per cent. S.............................. 18 18 10 10 8 10

Phenylm ercuric acetate ;
C 6H 6 Hg, 82-5 per cent. :—

B ........................................... 400 80 20 20 20 20
10 per cent. S.............................. 500 200 40 30 30 30
50 per cent. S.............................. 200 200 30 10 20 20
80 per cent. S.............................. 100 100 20 8 15 15

Phenylm ercuric d inaph thy l-
methane disu lphonate ;
C 6H 6Hg, 56-5 per cent. :—  

B ............................................ 250 64 16 10 16 16
10 per cent. S.............................. 350 100 25 20 20 20
50 per cent. S.............................. 400 120 30 25 30 25
80 per cent. S.............................. 400 120 30 _25 -

30 25

p-C h loro-m -xy leno l :—
B ............................................ 7 7 3-5 3-5 3-5
10 per cent. S.............................. 4 4 2 Ï 2 2
50 per cent. S.............................. 4 4 2 i 2 2
80 per cent. S... 4 4 2 i 2 2

I t  c a n  b e  s e e n  t h a t  t h e  a c t i v i t y  o f  m e r c u r y  d i n a p h t h y l m e t h a n e  d i -  

s u l p h o n a t e  i n  p u r e  b r o t h  s l i g h t l y  e x c e e d s  t h a t  o f  m e r c u r i c  c h l o r i d e  p e r  

u n i t  o f  m e r c u r i c  i o n  c o n t e n t .  W h i l e  t h e  a c t i v i t y  o f  m e r c u r i c  c h l o r i d e  

f a l l s  r a p i d l y  a s  t h e  s e r u m  c o n t e n t  o f  t h e  m e d i u m  r i s e s ,  t h a t  o f  m e r c u r y  

d i n a p h t h y l m e t h a n e  d i s u l p h o n a t e  i s  i n c r e a s e d  b y  t h e  p r e s e n c e  o f  a l l  t h e  

c o n c e n t r a t i o n s  o f  s e r u m  e m p l o y e d .  I n  8 0  p e r  c e n t ,  s e r u m  t h e  a c t i v i t y  

o f  m e r c u r y  d i n a p h t h y l m e t h a n e  d i s u l p h o n a t e  i s  a p p r o x i m a t e l y  5  t i m e s  a s  

h i g h  a s  t h a t  o f  m e r c u r i c  c h l o r i d e  p e r  u n i t  o f  m e r c u r i c  i o n  c o n t e n t .

T h e  a c t i v i t y  o f  p h e n y l m e r c u r i c  d i n a p h t h y l m e t h a n e  d i s u l p h o n a t e  i n  

b r o t h  i s  o f  t h e  s a m e  o r d e r  a s  t h a t  o f  p h e n y l m e r c u r i c  a c e t a t e  p e r  u n i t  

o f  p h e n y l m e r c u r y  c o n t e n t  a n d  w i t h  b o t h  c o m p o u n d s  t h e  p r e s e n c e  o f  

1 0  p e r  c e n t ,  s e r u m  a u g m e n t s  a c t i v i t y .  W i t h  p h e n y l m e r c u r i c  a c e t a t e ,  

h o w e v e r ,  a s  t h e  s e r u m  c o n t e n t  r i s e s  t h r o u g h  5 0  p e r  c e n t ,  t o  8 0  p e r  c e n t ,  

t h e r e  i s  a  s i g n i f i c a n t  f a l l  i n  a c t i v i t y  ; i n  t h e  c a s e  o f  p h e n y l m e r c u r i c  d i 

n a p h t h y l m e t h a n e  d i s u l p h o n a t e  t h e  i n i t i a l  i n c r e a s e  i n  a c t i v i t y  i s  m a i n 

t a i n e d  a s  t h e  s e r u m  c o n t e n t  r i s e s  t o  8 0  p e r  c e n t ,  a n d  a t  t h i s  s e r u m  c o n 

c e n t r a t i o n  t h e  a c t i v i t y  o f  t h e  c o m p o u n d  i s  o f  t h e  o r d e r  o f  3  t i m e s  t h a t  

o f  p h e n y l m e r c u r i c  a c e t a t e  p e r  u n i t  o f  p h e n y l m e r c u r i c  i o n  c o n t e n t .
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ANTIBACTERIAL COLLOIDAL ELECTROLYTES 

TABLE II
M a x im u m  b a c t e r io s t a t ic  d il u t io n s  in  m u l t ip l e s  o f  1 , 0 0 0  

( 4 8  h o u r s  i n c u b a t i o n )

C o m p o u n d
S t a p h .
a u r e u s

S t r e p .
p y o g e n e s

E .
c o l i

B .
s u b t i l i s

P s .
p y o c y a n e u s

P r o t e u s
v u lg a r i s

Silver n itra te ; A g , 60 per cent, 
com ple te ly ion isab le :—

B ............................................ 20 24 16 12 18 16
10 per cent. S...................... 10 10 6 6 8 6
50 per cent. S... 6 6 4 4 4 4
80 pe r cent. S............ 4 4 2 2 2 2

S ilve r d inaphthy lm ethane d i
su lphonate; Ag, 31 per cent, 
com ple tely ion isab le  :—

16 20 12 10 12 12B ............................................
10 per cent. S... 20 22 18 12 18 18

20 22 18 12 18 18
80 per cent. S .............................. 20 22 18 12 IS 18

Silver p ro te ina te ; Ag , 8 per cent, 
p a rt ly  ion isab le :—

10 10 8B ............................................ 6 6 8
10 per cent. S .............................. 5 5 4 2 4 4
50 per cent. S .............................. 4 4 4 2 4 4
80 per cent. S .............................. 4 4 4 2 2 4

S ilver v ite llin ;  Ag, 20 per cent, 
very li t t le  ion isab le :—>

8B ............................................ 8 6 4 4 6
10 per cent. S ................ 6 6 4 2 4 4
50 per cent. S.............................. 4 4 4 2 4 4
80 per cent. S.............................. 4 4 4 2 2 4

C o llo id a l s ilver; A g , 70 per cent, 
none ion isab le :—

B ............................................ 8 6 6 3 3 3
10 per cent. S.............................. 8 8 6 3 3 3
50 per cent. S.............................. 8 8 6 3 3 3
80 per cent. S.............................. 6 6 4 2 2 2

Phenol :—
B ............................................ 0 -2 * 0 -2 0 1 5 0-1 0 1 5 0 1 5
10 per cent. S .............................. 0 1 0 1 0 1 0 0 5 0-1 0 1

* i .e .  a  d i lu t io n  o f  0 * 2  x  1 0 0 0  o r  1 : 2 0 0 .

I n  p u r e  b r o t h  t h e  a c t i v i t y  o f  s i l v e r  d i n a p h t h y l m e t h a n e  d i s u l p h o n a t e  

i s  ca .  t w i c e  t h a t  o f  s i l v e r  n i t r a t e  p e r  u n i t  o f  s i l v e r  i o n  c o n t e n t .  W h e r e a s ,  

h o w e v e r ,  t h e  a c t i v i t y  o f  s i l v e r  n i t r a t e  f a l l s  v e r y  r a p i d l y  a s  s e r u m  c o n t e n t  

r i s e s  t h a t  o f  s i l v e r  d i n a p h t h y l m e t h a n e  d i s u l p h o n a t e  i s  i n c r e a s e d  b y  t h e  

p r e s e n c e  o f  s e r u m  u p  t o  c o n c e n t r a t i o n s  o f  t h e  l a t t e r  o f  8 0  p e r  c e n t ,  i n  

t h e  m e d i u m .  I n  8 0  p e r  c e n t ,  s e r u m  s i l v e r  d i n a p h t h y l m e t h a n e  d i s u l p h o n a t e  

h a s  a p p r o x i m a t e l y  t h i r t e e n  t i m e s  t h e  a c t i v i t y  o f  s i l v e r  n i t r a t e  p e r  u n i t  

o f  s i l v e r  i o n  c o n t e n t .

A  f u r t h e r  p o i n t  o f  i n t e r e s t  p r e s e n t s  i t s e l f  f r o m  T a b l e  I I  w i t h  r e f e r e n c e  

t o  t h e  s i l v e r  p r o t e i n  d e r i v a t i v e s .  T h e r e  i s  a  p r o g r e s s i v e  f a l l  i n  a c t i v i t y  

i n  p u r e  b r o t h  f r o m  s i l v e r  p r o t e i n a t e ,  t h r o u g h  s i l v e r  v i t e l l i n  t o  “  c o l l o i d a l  

s i l v e r  ”  ;  p e r  u n i t  o f  s i l v e r  c o n t e n t  t h i s  p r o g r e s s i v e  f a l l  i s  e x c e e d i n g l y  

h i g h .  T h e  l o s s  i n  a c t i v i t y  e f f e c t e d  b y  s e r u m  a l s o  d e c r e a s e s  f r o m  s i l v e r  

p r o t e i n a t e ,  t h r o u g h  s i l v e r  v i t e l l i n ,  t o  “  c o l l o i d a l  s i l v e r  ”  ;  a l t h o u g h  t h i s  

i s  t h e  o r d e r  o f  i n c r e a s i n g  t o t a l  s i l v e r  c o n t e n t  i t  i s  t h e  o r d e r  o f  d e c r e a s i n g  

i o n i s a b l e  s i l v e r  c o n t e n t .  B y  c o m p a r i s o n  w i t h  s i l v e r  n i t r a t e  i t  i s  e v i d e n t  

t h a t  t h e  l o s s  i n  a c t i v i t y  o f  t h e  s i l v e r  p r o t e i n  c o m p o u n d s  a n d  a l s o  t h e
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i n h i b i t i o n  o f  t h e  d e a c t i v a t i n g  e f f e c t  o f  s e r u m  i s  d u e  t o  t h e  r e p l a c e m e n t  

o f  i o n i s a b l e  b y  n o n - i o n i s a b l e  s i l v e r .  I n  t h e  c a s e  o f  t h e  c o l l o i d a l  e l e c t r o l y t e ,  

s i l v e r  d i n a p h t h y l m e t h a n e  d i s u l p h o n a t e ,  t h e  h i g h  a c t i v i t y  m u s t  b e  a s s o 

c i a t e d  w i t h  t h e  i o n i c  n a t u r e  o f  t h e  w h o l e  o f  t h e  s i l v e r  c o n t e n t  a n d  t h e  

m a i n t e n a n c e  o f  t h i s  a c t i v i t y  i n  t h e  p r e s e n c e  o f  s e r u m  d u e  t o  t h e  a c t i o n  

o f  t h e  p o l y v a l e n t  h y d r a t e d  a n i o n i c  m i c e l l e .

T h e  I N '  V i t r o  R e a c t i o n  o f  M e r c u r i c - ,  P h e n y l m e r c u r i c -  a n d  S i l v e r  

D i n a p h t h y l m e t h a n e  D i s u l p h o n a t e s  w i t h  S e r u m  A m p h o l y t e s

T h e  l o s s  i n  a c t i v i t y  o f  m e r c u r i c  c h l o r i d e ,  s i l v e r  n i t r a t e  a n d  p h e n y l 

m e r c u r i c  a c e t a t e  e f f e c t e d  b y  s e r u m  a n d  t h e  m a i n t e n a n c e  o f  t h e  a c t i v i t y  

o f  m e r c u r i c - ,  s i l v e r -  a n d  p h e n y l m e r c u r i c  d i n a p h t h y l m e t h a n e  d i s u l p h o n a t e s  

i n  s e r u m  c a n  b e  c o r r e l a t e d  w i t h  t h e  p r e c i p i t i n  r e a c t i o n s  o f  t h e  c o m p o u n d s  

w i t h  s e r u m  a m p h o l y t e s .  T h e  r e a g e n t  i n  1  : 1 , 0 0 0  d i l u t i o n  w a s  a d d e d  t o  

a  1  p e r  c e n t ,  a q u e o u s  s o l u t i o n  o f  t h e  a m p h o l y t e ,  f o l l o w e d  b y  a n  e x c e s s  

o f  t h e  r e a g e n t  i n  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h e  p r e c i p i t a t e  ( i f  f o r m e d )  

w a s  r e d i s s o l v e d .  T h e  r e s u l t s  a r e  r e c o r d e d  i n  T a b l e  I I I .

A. A. GOLDBERG, M. SHAPERO AND E. WILDER

T A B L E  I I I

Compound Gelatin Albumen
Casein 

( Sodium)
H orse
Serum

M ercu ric  c h lo rid e ......................................................... on n il n i l P /i

M e rcu ry  d inaphthy lm ethane d isu lphonate n il n il n i l n i l

Phenylm ercuric acetate ... p / i p / i p / i P /i

Phenylm ercuric d inaphthylm ethane disu lphonate O/s n il n i l n i l

S ilve r n itra te  ......................................................... O /i P/s p / i P /i

S ilver d inaphthylm ethane d isulphonate P/s O /s O /s O /s

n i l= n o  precip ita te o r  opalescence; 0 = n o  prec ip ita te  b u t defin ite  opalescence; P = prec ip ita te  ; 
/s= so !u b le  in  excess o f  reagent ; / ¡^ in s o lu b le  in  excess o f  reagent.

T o x i c i t y

T h e  o r a l  t o x i c i t i e s  o f  t h e  c o m p o u n d s  w e r e  d e t e r m i n e d  i n  o r d e r  t o  

a s c e r t a i n  w h e t h e r  t h e  c o l l o i d a l  a n i o n  p o s s e s s e d  a n y  p o t e n t i a t i n g  e f f e c t  

u p o n  t h e  l e t h a l  a c t i o n  o f  t h e  m e r c u r i c ,  p h e n y l m e r c u r i c  a n d  s i l v e r  c a t i o n s .  

T h e  c o m p o u n d s  w e r e  g i v e n  i n  a q u e o u s  s o l u t i o n  t o  2 0  g .  m i c e  b y  s t o m a c h  

t u b e  u n d e r  l i g h t  e t h e r - o x y g e n — c a r b o n  d i o x i d e  a n a e s t h e s i a  i n  c l o s e l y  

s p a c e d  d o s e s .  G r o u p s  o f  4  m i c e  w e r e  u s e d  f o r  e a c h  d o s e ,  a p p r o x i m a t e l y  

4 0  m i c e  b e i n g  u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  e a c h  t o x i c i t y  r a n g e  ;  t h e  

a n i m a l s  w e r e  o b s e r v e d  f o r  1 4  d a y s  a f t e r  t h e  d o s e .

I t  i s  e v i d e n t  t h a t  m e r c u r i c - ,  p h e n y l m e r c u r i c -  a n d  s i l v e r -  d i n a p h t h y l 

m e t h a n e  d i s u l p h o n a t e  a r e  s l i g h t l y  m o r e  t o x i c  p e r  u n i t  o f  a c t i v e  c a t i o n  

c o n t e n t  t h a n  t h e  c o r r e s p o n d i n g  c r y s t a l l o i d  e l e c t r o l y t e s  :  t h i s  i s  t o  b e  

e x p e c t e d  f r o m  t h e  e n h a n c e d  a d s o r p t i o n  c a p a c i t i e s  o f  t h e  c o m p o u n d s .  

I t  i s  o f  p a s s i n g  i n t e r e s t ,  h o w e v e r ,  t h a t  t h e  o r a l  t o x i c i t i e s  o f  p h e n y l m e r c u r i c  

a c e t a t e  a n d  p h e n y l m e r c u r i c  d i n a p h t h y l m e t h a n e  d i s u l p h o n a t e  a r e  l i t t l e  

m o r e  t h a n  t h a t  o f  “  c o l l o i d a l  s i l v e r  7 0  p e r  c e n t . ”  a n d  l e s s  t h a n  t h a t  o f
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s i l v e r  n i t r a t e  b o t h  o f  w h i c h  c o m p o u n d s  a r e  w i d e l y  u s e d  i n  c l i n i c a l  p r a c t i c e .  

I t  w o u l d  a c c o r d i n g l y  a p p e a r  t h a t  a s  f a r  a s  t h e s e  t w o  p h e n y l m e r c u r i c  

c o m p o u n d s  a r e  c o n c e r n e d  t h e  g e n e r a l  p r e j u d i c e  a g a i n s t  o r g a n i c  m e r c u r i a l s  

i s  n o t  f o u n d e d  u p o n  f a c t .

ANTIBACTERIAL COLLODIAL ELECTROLYTES

T A B L E  I V  

O r a l  t o x ic it ie s

Compound LDO L.D50 LD W 0

M ercu ric  ch lo ride  ....................................................................... 7 m g./kg. 10 m g./kg . 12-5 m g./kg.

M ercu ric  d inaphthylm ethane d isu lphonate  .............................. 20 30 40

Phenylm ercuric acetate ....................................................................... 50 70 80

Phenylm ercuric d inaphthylm ethane disu lphonate 50 70 80

Silver n itra te  ....................................................................... 30 50 65

Silver d inaphthylm ethane disu lphonate .............................. 25 50 75

C o llo id a l silver (70 per cent. A g ) ............................................ 50 100 150

Potassium dinaphthylm ethane d isu lphonate  ............................... 950 1250 1450

S u m m a r y

1 .  T h e  p o t e n t i a t i n g  e f f e c t  o f  s u r f a c e  a c t i v e  a g e n t s  u p o n  t h e  a n t i b a c t e r i a l  

a c t i v i t y  o f  m e r c u r i a l  c o m p o u n d s  h a s  l e d  t o  a n  i n t e r e s t  i n  c o l l o i d a l  e l e c t r o 

l y t e s  w h i c h  c o n t a i n ,  a s  t h e  c o n s t i t u e n t  c a t i o n ,  a n  i o n  o f  k n o w n  h i g h  

a n t i b a c t e r i a l  a c t i v i t y .

2 .  T h e  c o l l o i d a l  a c i d  s e l e c t e d  w a s  d i n a p h t h y l m e t h a n e  d i s u l p h o n i c  a c i d .  

T h e  m e r c u r i c - ,  p h e n y l m e r c u r i c -  a n d  s i l v e r - s a l t s  o f  t h i s  a c i d  h a v e  b e e n  

p r e p a r e d  a n d  t h e i r  a c t i v i t i e s  a g a i n s t  3  G r a m - p o s i t i v e  a n d  3  G r a m 

n e g a t i v e  o r g a n i s m s  c o m p a r e d  w i t h  t h o s e  o f  c o r r e s p o n d i n g  c r y s t a l l o i d  

( n o n - c o l l o i d )  s a l t s  c o n t a i n i n g  t h e  c o r r e s p o n d i n g  c a t i o n s ,  v i z .  m e r c u r i c  

c h l o r i d e ,  p h e n y l m e r c u r i c  a c e t a t e  a n d  s i l v e r  n i t r a t e .  I t  w a s  e x p e c t e d  t h a t  

t h e  c o l l o i d a l  a n i o n  w o u l d  p o t e n t i a t e  t h e  l e t h a l  a c t i o n  o f  t h e  m e t a l l i c  o r  

o r g a n o m e t a l l i c  c a t i o n  b y  p r o m o t i n g  a d s o r p t i o n  o f  t h e  l a t t e r  u p o n  t h e  

b a c t e r i a l  e n v e l o p e  a n d  t h a t  i n a c t i v a t i o n  o f  t h e  c a t i o n  b y  f o r m a t i o n  o f  a  

c o a g u l u m  w i t h  s e r u m  e l e c t r o l y t e s  w o u l d  b e  s u p p r e s s e d  b y  t h e  p r o c e s s  

o f  m i c e l l a r  s o l u b i l i s a t i o n  o f  t h e  c o a g u l u m .

3 .  I t  h a s  b e e n  s h o w n  t h a t  i n  p u r e  b r o t h  t h e  c o l l o i d a l  a n i o n  e f f e c t s  a  

d e f i n i t e ,  a l t h o u g h  s m a l l ,  i n c r e a s e  i n  a c t i v i t y  o f  m e r c u r i c  a n d  s i l v e r  i o n s  ; 

t h e  b a c t e r i o s t a t i c  a c t i v i t y  o f  t h e  l i p o p h i l e  p h e n y l m e r c u r i c  i o n  i s  n o t  

a l t e r e d .  I n  b r o t h  c o n t a i n i n g  s e r u m  c o n c e n t r a t i o n s  a p p r o a c h i n g  8 0  p e r  

c e n t . ,  h o w e v e r ,  t h e  a c t i v i t i e s  o f  m e r c u r i c - ,  p h e n y l m e r c u r i c -  a n d  s i l v e r
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d i n a p h t h y l m e t h a n e  d i s u l p h o n a t e s  a r e  o f  t h e  o r d e r  o f  5 ,  3  a n d  1 3  t i m e s  

a s  h i g h  a s  t h o s e  o f  m e r c u r i c  c h l o r i d e ,  p h e n y l m e r c u r i c  a c e t a t e  a n d  s i l v e r  

n i t r a t e  p e r  u n i t  o f  a c t i v e  c a t i o n  c o n t e n t .  T h e s e  r e s u l t s  h a v e  b e e n  c o r r e 

l a t e d  w i t h  t h e  p r e c i p i t i n  r e a c t i o n s  o f  t h e  c o m p o u n d s  w i t h  h o r s e  s e r u m  

a n d  o t h e r  p r o t e i n  a m p h o l y t e s .

4 .  T h e  a c u t e  o r a l  t o x i c i t i e s  o f  t h e  c o m p o u n d s  h a v e  b e e n  r e c o r d e d .
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P a r t  V I I I

B y  H .  B e r r y  a n d  I .  M i c h a e l s

F rom  the D epartm ent o f  Pharmaceutics, School o f  Pharmacy,
University o f  L on d on

R e c e i v e d  O c t o b e r  1 7 ,  1 9 4 7

S o  f a r ,  t h i s  w o r k  h a s  s h o w n  t h a t  t h e  c o u r s e  o f  d i s i n f e c t i o n  o f  B a d .  c o l i  
b y  e t h y l e n e  g l y c o l  a n d  i t s  m o n o a l k y l  e t h e r s  f o l l o w s  t h a t  o f  a n  a s y m 

m e t r i c a l  s i g m o i d  c u r v e ;  t h e  a c t u a l  a p p e a r a n c e  o f  t h e  c u r v e  c o u l d  b e  

m a d e  t o  v a r y  b y  a l t e r a t i o n  o f  t h e  e n v i r o n m e n t a l  c o n d i t i o n s 1 ’ 2 . T h e  

r e g r e s s i o n  o b t a i n e d  b y  p l o t t i n g  t h e  p e r c e n t a g e  s u r v i v o r s  a s  p r o b i t s  a g a i n s t  

l o g .  s u r v i v o r  t i m e  c o u l d  b e  a s s u m e d  l i n e a r  o v e r  a  l i m i t e d  ( b u t  u s e f u l )  

r a n g e  w i t h o u t  c a u s i n g  s e r i o u s  e r r o r 3 ’ 4 ;  f u r t h e r ,  w h e n ,  p r o b i t - l o g .  t i m e  

r e g r e s s i o n s  w e r e  t a k e n  a s  l i n e a r ,  i t  c o u l d  b e  s h o w n 5 t h a t  p a r a l l e l i s m  

e x i s t e d  b e t w e e n  t h e  r e g r e s s i o n s  o f  d i f f e r e n t  c o n c e n t r a t i o n s  a s  w e l l  a s  

t h e  s a m e  c o n c e n t r a t i o n  o f  a  c o m p o u n d ,  t h e r e b y  e n a b l i n g  a  c h a r a c t e r i s t i c  

c o e f f i c i e n t  t o  b e  a s s i g n e d  t o  e a c h  d i s i n f e c t a n t - o r g a n i s m  r e a c t i o n .  T h e  

v a l u e s  o f  t h e  c o e f f i c i e n t  v a r i e d  w i t h  t h e  t e m p e r a t u r e  o f  t h e  e x p e r i m e n t 6 ’ 7 .

S u f f i c i e n t  e x p e r i m e n t a l  d a t a  h a v e  n o w  b e e n  a c c u m u l a t e d  t o  e n a b l e  

t h e  u s e f u l n e s s  a n d  a c c u r a c y  o f  a  c h o s e n  l e v e l  o f  m o r t a l i t y  f o r  a s s e s s i n g  

t h e  b a c t e r i c i d a l  a c t i v i t y  o f  t h e  d i s i n f e c t a n t  c o m p o u n d s  t o  b e  d e c i d e d  w i t h  

s o m e  c o n f i d e n c e .

S e l e c t i o n  o f  a n  I n t e r m e d i a t e  M o r t a l i t y  L e v e l  f o r  t h e  

C o m p a r i s o n  o f  B a c t e r i c i d a l  A c t i v i t y

T h e  i n a c c u r a c i e s  o f  a n  e n d - p o i n t  t e c h n i q u e  f o r  e s t i m a t i n g  b a c t e r i a l  

d e a t h  t i m e s  h a v e  l e d  t o  t h e  s e l e c t i o n  o f  i n t e r m e d i a t e  m o r t a l i t y  l e v e l s ,  

d e t e r m i n a b l e  w i t h  g r e a t e r  p r e c i s i o n ,  f o r  c o m p a r i n g  g e r m i c i d a l  a c t i v i t i e s .  

A d o p t i o n  o f  t h i s  p r i n c i p l e  i n v o l v e s  t h e  c o u n t i n g  o f  v i a b l e  o r g a n i s m s  

d u r i n g  t h e  c o u r s e  o f  t h e  d i s i n f e c t i o n  p r o c e s s .  U n t i l  a  s o u n d  s t a t i s t i c a l  

a n a l y s i s  o f  t h e  r e s u l t s  c o u l d  b e  d e v e l o p e d  a n d  t h e r e b y  a f f o r d  a  m e a n s  

o f  c a l c u l a t i n g  t h e  l i m i t s  o f  e r r o r  o f  t h e  e x p e r i m e n t a l  t e c h n i q u e ,  i t  w a s  

n o t  p o s s i b l e  t o  c o m p a r e ,  o n  a  m a t h e m a t i c a l  b a s i s ,  t h e  m e r i t s  o f  t h e  

d i f f e r e n t  m o r t a l i t y  l e v e l s  p r o p o s e d  b y  d i f f e r e n t  a u t h o r s .

T h e  F a lla c ie s  o f  U s in g  R e a c t i o n  V e l o c i t i e s  a s  a  M e a n s  o f  
C o m p a r i s o n .  C o u n t i n g  t e c h n i q u e s  e n a b l e  t h e  r e a c t i o n  v e l o c i t y  t o  b e  

d e t e r m i n e d  a t  d i f f e r e n t  s t a g e s  d u r i n g  t h e  d i s i n f e c t i o n  p r o c e s s .  S i n c e  i t  

w a s  a t  f i r s t  b e l i e v e d  t h a t  t h e  o v e r a l l  d e a t h  r a t e  f o r  a  p a r t i c u l a r  c o n c e n t r a 

t i o n  o f  a  d i s i n f e c t a n t  w a s  c o n s t a n t ,  t h e  m e a n  o f  i n t e r m e d i a t e  d e a t h  

r a t e s  w a s  u s e d  a s  a  c r i t e r i o n  o f  c o m p a r i s o n  o f  d i f f e r e n t  d i s i n f e c t a n t  

s o l u t i o n s .  F u r t h e r m o r e ,  t h e  o v e r a l l  r e a c t i o n  v e l o c i t y  w a s  t a k e n  a s  

r e p r e s e n t a t i v e  o f  t h e  e f f i c i e n c y  o f  t h e  d i s i n f e c t i o n  p r o c e s s  a n d  w a s  r e c o m 

m e n d e d  b y  P h e l p s 8 a s  t h e  b a s i s  f o r  t h e  e v a l u a t i o n  o f  b a c t e r i c i d a l  a c t i v i t y .  

H o w e v e r ,  w h e n  i t  i s  r e a l i s e d  t h a t  a  c o n s t a n t  d e a t h  r a t e  i s  o f t e n  f o r t u i t o u s
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a n d  t h a t  t h e  d e a t h  r a t e  o f  t h e  d i s i n f e c t i o n  p r o c e s s  d o e s  i n d e e d  v a r y  a l o n g  

i t s  c o u r s e ,  c o m p a r i s o n  o f  o v e r a l l  d e a t h  r a t e s  m u s t  b e  c r i t i c i s e d  a s  b e i n g  

m i s l e a d i n g  a n d  u n i n f o r m a t i v e .

T h e  m o r ta li ty  l e v e l s  c h o s e n  b y  p r e v i o u s  w o r k e r s .  I n  b a c t e r i c i d a l  

p r o b l e m s ,  t h e  c o m p a r i s o n  o f  a c t i v i t y  b y  t h e  t i m e s  t a k e n  f o r  m o r t a l i t i e s  

o f  l e s s  t h a n  1 0 0  p e r  c e n t ,  a p p e a r s  t o  h a v e  b e e n  f i r s t  s u g g e s t e d  b y  L e v i n e ,  

B u c h a n a n  a n d  L e a s e 9,  w h o  r e c o m m e n d e d  t h e  u s e  o f  t h e  t i m e  f o r  a  

9 9 - 9  p e r  c e n t .  k i l l .  M y e r s 10  b a s e d  h i s  c o m p a r i s o n  o n  a  9 9  p e r  c e n t ,  

m o r t a l i t y  s i n c e  h e  b e l i e v e d  t h a t  t h i s  c o u l d  b e  d e t e r m i n e d  w i t h  g r e a t e r  

a c c u r a c y  t h a n  h i g h e r  l e v e l s ;  W e b e r  a n d  L e v i n e 1 1  a l s o  u s e d  t h i s  d e g r e e  

o f  m o r t a l i t y ,  w h e r e a s  B a k e r  a n d  M c C l u n g 12  c a l c u l a t e d  t h e  t i m e  f o r  t h e  

d e a t h  o f  9 9 - 9 9  p e r  c e n t ,  o f  t h e  i n i t i a l  i n o c u l u m .  H o b b s  a n d  W i l s o n 12  

e x p r e s s e d  d o u b t  a s  t o  t h e  a c c u r a c y  o f  t h e  c o m p u t a t i o n  o f  t h e  t i m e s  f o r  

a  9 9 - 9  p e r  c e n t ,  m o r t a l i t y  a n d  e m p l o y e d  r e a c t i o n  v e l o c i t i e s  t o  c o m p a r e  

t h e  b a c t e r i c i d a l  a c t i v i t i e s  o f  t h e  d i s i n f e c t a n t s  u s e d  b y  t h e m .

T h e  c h o ic e  o f  a  5 0  p e r  c e n t , m o r ta li ty  le v e l , (a ) I n  p h a r m a c o lo g ic a l  
a s s a y  p r o b l e m s .  I n  p h a r m a c o l o g i c a l  p r o b l e m s  t h e  c o m p a r i s o n  o f  t h e  

p o t e n c i e s  o f  t h e r a p e u t i c a l l y  a c t i v e  s u b s t a n c e s  h a s  l o n g  b e e n  m a d e  b y  

u t i l i s i n g  t h e  d o s e  a f f e c t i n g  5 0  p e r  c e n t ,  o f  t h e  t e s t  a n i m a l s .  T r e v a n 14  h a d  

s h o w n  t h a t  t h e  s l o p e  o f  t h e  m o r t a l i t y - d o s e  c u r v e  w a s  s t e e p e s t  i n  t h e  

n e i g h b o u r h o o d  o f  t h e  d o s e  c a u s i n g  5 0  p e r  c e n t ,  m o r t a l i t y  a n d  t h i s  w a s  

a l s o  s h o w n  t o  b e  t r u e  w h e n  t h e  l o g a r i t h m  o f  t h e  d o s e  w a s  u s e d  

( G a d d u m 1 5 ) .  T r e v a n  c o i n e d  t h e  e x p r e s s i o n  “  L D 5 0  ”  ( t h e  d o s e  w h i c h  

c a u s e d  5 0  p e r  c e n t ,  m o r t a l i t y ) ;  b e c a u s e  o f  t h e  n o r m a l  c h a r a c t e r i s t i c s  o f  

t h e  m o r t a l i t y  c u r v e s ,  s t a t i s t i c a l  m e t h o d s  c o u l d  b e  u s e d  t o  d e t e r m i n e  t h e  

L D 5 0  a n d  t h e  e r r o r  o f  i t s  e s t i m a t i o n  w i t h  g r e a t  p r e c i s i o n .  T e c h n i c a l  

f a u l t s  w e r e  t h e r e b y  d e t e c t a b l e ,  w h i c h  w h e n  r e c t i f i e d  e n a b l e d  t h e  a c c u r a c y  

o f  t h e  b i o l o g i c a l  a s s a y  t o  b e  i m p r o v e d  e n o r m o u s l y .

( b )  I n  b a c te r io lo g ic a l  a n d  in sec tic id a l a s s a y  p r o b l e m s .  I n  m i c r o 

b i o l o g i c a l  p r o b l e m s  o f  t h i s  n a t u r e ,  H e n d e r s o n  S m i t h 115 h a d  u s e d  t h e  t i m e  

t o  k i l l  5 0  p e r  c e n t ,  o f  t h e  i n i t i a l  i n o c u l u m  a s  a  m e a n s  o f  c o m p a r i s o n  i n  

d e t e r m i n i n g  t h e  t e m p e r a t u r e  c o e f f i c i e n t  o f  h o t  w a t e r  a g a i n s t  B o tr y t is  
s p o r e s .  W i t h e l l 17  c o n c e i v e d  t h e  i d e a  o f  a n  “  L T 5 0  ”  ( i . e . ,  t h e  t i m e  t o  

k i l l  5 0  p e r  c e n t ,  o f  t h e  i n i t i a l  i n o c u l u m )  a s  t h e  b a s i s  o f  c o m p a r i s o n  o f  

g e r m i c i d a l  a c t i v i t y .  B y  m e a n s  o f  t h e  s t a t i s t i c a l  t e c h n i q u e s  d e v e l o p e d  b y  

G a d d u m 15  a n d  B l i s s 1 8 ’ 1 9 ’ 20 ’ 2 1 ’ 22 h e  w a s  a b l e  t o  d e m o n s t r a t e  a n  a p p r o x i m a t e  

r e c t i l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e  p r o b i t  ( a  f u n c t i o n  o f  t h e  p e r c e n t a g e  

m o r t a l i t y )  a n d  t h e  l o g a r i t h m  o f  t h e  t i m e ,  t h e r e b y  f a c i l i t a t i n g  t h e  a c c u r a t e  

e s t i m a t i o n  o f  L T 5 0 .

T h e  c o n d it io n s  n e c e s s a r y  f o r  th e  s e le c t io n  o f  a  c o n v e n ie n t  a rb itra ry  
m o r ta li ty  l e v e l .  W h e n  t h e  m o r t a l i t y  c u r v e  c a n  b e  t r a n s f o r m e d  t o  a  

s t r a i g h t  l i n e  a l o n g  i t s  c o m p l e t e  c o u r s e ,  t h e  l e v e l  c h o s e n  f o r  c o m p a r i s o n  

o f  a c t i v i t y  i s  o f  l i t t l e  i m p o r t a n c e ,  f o r  i n  t h e s e  c i r c u m s t a n c e s  a n y  p e r 

c e n t a g e  m o r t a l i t y  c a n  b e  c o m p u t e d  f r o m  t h e  r e g r e s s i o n  w i t h  e q u a l  f a c i l i t y .  

A l t h o u g h  t h e  g r e a t e s t  a c c u r a c y  m i g h t  b e  o b t a i n e d  a t  t h e  5 0  p e r  c e n t ,  

m o r t a l i t y ,  B l i s s 20 p r e f e r r e d  t o  u s e  a  9 7 . 7 2 5  p e r  c e n t ,  m o r t a l i t y  ( c o r r e 

s p o n d i n g  t o  p r o b i t  7 )  f o r  c o m p a r i s o n  o f  i n s e c t i c i d e s ,  a s  h e  a s s e r t e d  t h a t
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t h i s  c o n v e y e d  m o r e  u s e f u l  i n f o r m a t i o n  t o  t h e  e n t o m o l o g i s t  t h a n  c o m p a r i 

s o n s  m a d e  o n  a  5 0  p e r  c e n t .  k i l l .  M o o r e  a n d  B l i s s 23 u s e d  a  9 5  p e r  c e n t ,  

m o r t a l i t y  f o r  a  s i m i l a r  w o r k .

T h e  “  v ir tu a l s te r ilis a tio n  t i m e . "  J o r d a n  a n d  J a c o b s 24 ’ 25 u s e d  a r g u 

m e n t s  s i m i l a r  t o  t h o s e  o f  B l i s s ,  w h e n  c o m p a r i s o n s  o f  b a c t e r i c i d e s  w e r e  

t o  b e  m a d e ;  t h e y  u s e d  t h e  e x c e e d i n g l y  h i g h  m o r t a l i t y  l e v e l  o f  9 9 - 9 9 9 9 9 9  

p e r  c e n t . ,  w h i c h  t h e y  c a l l e d  t h e  “  v i r t u a l  s t e r i l i z a t i o n  t i m e  ”  ( v . s . t . ) .  T h i s  

t h e y  w e r e  a b l e  t o  d e t e r m i n e  w i t h  v e r y  l i t t l e  e x t r a p o l a t i o n  o f  t h e  e x p e r i 

m e n t a l  d a t a ,  b y  u s i n g  a  l a r g e  i n i t i a l  i n o c u l u m  ( a p p r o x i m a t e l y  3 3 0  m i l l i o n  

o r g a n i s m s  p e r  m l . )  a n d  a n  e x t r e m e l y  s p e c i a l i s e d  e x p e r i m e n t a l  t e c h n i q u e .  

T h e y  b e l i e v e d  t h a t  f o r  a  p r o p e r  c o n c e p t i o n  o f  d i s i n f e c t i o n  p o t e n t i a l i t i e s ,  

t h e  c o m p a r i s o n  o f  a c t i v i t y  s h o u l d  b e  m a d e  a t  t h e  s t a g e  n e a r e s t  t o  c o m 

p l e t e  d i s i n f e c t i o n  c o n c o m i t a n t  w i t h  a c c u r a t e  d e t e r m i n a t i o n ,  s i n c e  i n  

p r a c t i c e  i t  w a s  t h e  a b s o l u t e  e x t i n c t i o n  o f  t h e  o r g a n i s m s  w h i c h  w a s  s o u g h t  

a f t e r .

T h e  m o r ta l i ty  l e v e l  a d o p t e d  f o r  th e  e x p e r im e n ts .  O n e  o f  t h e  

o b j e c t s  o f  t h i s  w o r k  w a s  t o  d e v e l o p  t h e  s t a t i s t i c a l  t e c h n i q u e  o f  

e x a m i n i n g  d i s i n f e c t i o n  d a t a .  S o  l o n g  a s  a  r e c t i l i n e a r  r e g r e s s i o n  c o u l d  

b e  e s t a b l i s h e d  o v e r  a  r e a s o n a b l e  r a n g e ,  a l l  t h e  r e f i n e m e n t s  o f  m o d e r n  

s t a t i s t i c a l  m e t h o d s  c o u l d  b e  a p p l i e d  u s e f u l l y .  T h e  u s e  o f  t h e  L T 5 0  

a s  a  b a s i s  o f  c o m p a r i s o n  o f  t h e  a c t i v i t y  o f  d i s i n f e c t a n t  s o l u t i o n s  g r e a t l y  

s i m p l i f i e s  t h e  c a l c u l a t i o n s  a n d  h a s  b e e n  e x p l o i t e d  f o r  t h i s  p u r p o s e .  P r o 

v i d e d  t h a t  a  r e c t i l i n e a r  p r o b i t - l o g .  t i m e  r e g r e s s i o n  m a y  b e  a s s u m e d ,  t h e  

m a t h e m a t i c a l  t r e a t m e n t  o f  t h e  d i s i n f e c t i o n  d a t a  w i l l  b e  e x a c t l y  s i m i l a r  

f o r  a n y  d e s i r e d  l e v e l  o f  m o r t a l i t y  w i t h i n  t h e  p r o b i t  r a n g e  u n d e r  i n v e s t i g a 

t i o n .  C o m p a r i s o n s  b a s e d  o n  l e v e l s  o u t s i d e  t h i s  r a n g e  m u s t  b e  r e j u s t i f i e d  

b e f o r e  t h e y  a r e  u s e d .  T h e  r e s u l t s  i n  t h i s  t h e s i s  h a v e  s h o w n  t h a t  t h e

BACTERICIDAL ACTIVITY OF ETHYLENE GLYCOL. PART VIII

T A B L E  I

C a l c u l a t i o n  o f  t h e  s u m s  o f  s q u a r e s  f o r  d e v ia t io n s  o f  l t 5 0  o r  l o g .l t 5 0  
FOR CONCENTRATIONS OF ETHYLENE GLYCOL MONOMETHYL ETHER AT 20°C.

C oncentra tions o f  ethylene g lyco l m onom ethy l ether

42 • 5 per cent. 45 • 0 pe r cent. 47 • 5 per cent. 50-0 per cent. 52 - 5 pe r cent.

Exp t. M ean E xp t. M ean E xp t. M ean E xp t. M ean Exp t. M ean
N o . P ro b it N o . P ro b it N o . P ro b it N o . P ro b it N o . P ro b it

208a 2-7895 208d 2-3895 209c 2-2562 209d 1-4185 210g 0-3712
209f 2-9373 209e 2-7922 21 le 2-2340 210f 2-4706 21 lg 0-6497
210c 2-5255 21 Od 2-1268 213c 1-8588 21 I f 1-3843 212e 1-0784
211c 2-6837 21 Id 2-1033 214c 1-6837 212d 1-8706 213d 0-9229

S (L T  50) 10-9360 9-4118 8-0327 7-1438 3-0222
N o . o f  expts. 4 4 4 4 4

L T  50 2-7340 2-3529 2-0082 1-7859 0-7556
S(LT  50)= 29-989437 22-453240 16- 371178 13- 530870 2 574591

S \ L T  50) 29- 899024 22- 145495 16- 131067 12 758470 2-283423

S (L T  50—L T  50)‘ =

S(LT 50P—S'(LT50) 0-090413 0- 307745 0-240111 0 772400 0-291168

^ S S
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p r o b i t - l o g .  t i m e  r e l a t i o n s h i p  i s  n o t  s t r i c t l y  l i n e a r  b u t  m a y  b e  a s s u m e d  

t o  b e  s o  b e t w e e n  p r o b i t s  4  a n d  6  w i t h o u t  i n c u r r i n g  a n y  s e r i o u s  e r r o r .

C a l c u l a t i o n  o f  R e s u l t s  f r o m  E x p e r i m e n t s  a t  2 0  ° C .

1 .  C a lc u la tio n  o f  lo g . L T 5 0 .  S i n c e  t h e  p r o b i t - l o g .  t i m e  r e g r e s s i o n  

b e t w e e n  p r o b i t s  4  a n d  6  m a y  b e  a s s u m e d  l i n e a r ,  t h e  f u n c t i o n  t a k e s  t h e  

f o r m  o f

y =  y +  b (x  -  x) (i)
f r o m  w h i c h  t h e  v a l u e  o f  x  ( t h e  l o g .  t i m e )  m a y  b e  c a l c u l a t e d  f o r  a n y  

v a l u e  o f  y  ( t h e  p r o b i t ) .  B y  a s s i g n i n g  y  t h e  v a l u e  o f  5  ( t h e  p r o b i t  c o r r e 

s p o n d i n g  t o  a  5 0  p e r  c e n t ,  r e s p o n s e )  x  m a y  b e  c o m p u t e d ,  s i n c e  y ,  b  a n d  

x  a r e  a l l  k n o w n .  F o r  e x a m p l e ,  i n  E x p e r i m e n t  1 6 4 b  ( t h e  d i s i n f e c t i o n  o f  

B a d .  c o l i  b y  7 5  p e r  c e n t ,  e t h y l e n e  g l y c o l  a t  2 0  ° C . ) ,  t h e  f o l l o w i n g  d a t a  

w e r e  o b t a i n e d :

H. BERRY AND I. MICHAELS

Log .tim e
(*>

P ro b it
o o

1-301 4 1 0 2
1-699 4-447
2-255 4-874
2-477 5-418
2-631 5-431

3 = 2 -0 7 3 7 = 4 -8 5 4

T h e  m e a n  s l o p e  (b )  f o r  7 5  p e r  c e n t ,  e t h y l e n e  g l y c o l  a t  2 0 ° C .  i s  1 2 0 2 5  

( T a b l e  X ,  P a r t  V 5) .  E q u a t i o n  ( 1 )  m a y  b e  t r a n s p o s e d  t o

x = y _ : _ y  +  b ( x )  

b

S u b s t i t u t i n g  i n  e q u a t i o n  ( 2 )

5  -  4 - 8 5 4  +  1 - 2 0 2 5  ( 2 - 0 3 7 )

*  ~  1 - 2 0 2 5

=  2 - 1 9 4 5  =  l o g .  L T 5 0 .

T h e  c a l c u l a t i o n s  o f  t h e  l o g .  L T 5 0 ’ s  f o r  a l l  t h e  i n d i v i d u a l  t e s t s  a r e  t o o  

n u m e r o u s  t o  p u b l i s h  ( 3 2 1  s e p a r a t e  e q u a t i o n s  a r e  i n v o l v e d ) .  H o w e v e r ,  

s i n c e  t h e  m e a n  L T 5 0 ’ s  f o r  e a c h  c o n c e n t r a t i o n  w i l l  b e  n e e d e d  t o  c a l c u l a t e  

t h e  e m p i r i c a l  v a r i a n c e ,  t h e s e  h a v e  b e e n  s e t  o u t  i n  T a b l e  I I .

2 .  C a lc u la tio n  o f  th e  s ta n d a r d  e r r o r s  o f  th e  L T 5 0 ’s .  T h i s  c a l c u l a t i o n  

i s  e s s e n t i a l l y  t h e  s a m e  a s  t h a t  u s e d  i n  t h e  c o m p u t a t i o n  o f  t h e  s t a n d a r d  

e r r o r s  o f  t h e  p r o b i t - l o g .  t i m e  r e g r e s s i o n s  ( P a r t  V I I I 8) .  T h e  s u m  o f  s q u a r e s  

f o r  t h e  d e v i a t i o n s  o f  e a c h  l o g .  L T 5 0  f r o m  i t s  m e a n  l o g .  L T 5 0  ( t h e  m e a n  

v a l u e  o f  t h e  m e a n  L T 5 0  f o r  a l l  t h e  t e s t s  a t  a  p a r t i c u l a r  c o n c e n t r a t i o n )  i s  

c o m p u t e d  f o r  e v e r y  c o n c e n t r a t i o n  o f  a l l  t h e  c o m p o u n d s  ( f o r  e x p e r i 

m e n t s  p e r f o r m e d  a t  2 0 ° C . ) .  T a b l e  I  s h o w s  t h e  c a l c u l a t i o n s  f o r  t h e  m o n o 

m e t h y l  e t h e r ;  t h e  c a l c u l a t i o n s  f o r  t h e  o t h e r  c o m p o u n d s  a r e  p r e c i s e l y  t h e  

s a m e .  T h e  s u m s  o f  s q u a r e s  f o r  t h e  d e v i a t i o n s  o f  L T 5 0  f o r  t h e  o t h e r  

c o m p o u n d s  a r e  i n c l u d e d  i n  T a b l e  I I .
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T h e  n e x t  s t a g e  i s  t o  c a l c u l a t e  t h e  m e a n  s q u a r e s ;  t h i s  i s  a c h i e v e d  b y  

d i v i d i n g  e a c h  s u m  o f  s q u a r e s  b y  t h e  a p p r o p r i a t e  n u m b e r  o f  d e g r e e s  o f  

f r e e d o m .  I n  t h e  e x p e r i m e n t s  w i t h  4 2 - 5  p e r  c e n t ,  m o n o m e t h y l ,  f o r

,  ,  0  0 9 0 4 1 3
e x a m p l e ,  t h e  m e a n  s q u a r e  w i l l  b e  -------- ^ —  =  0  0 3 0 1 3 8 .  T h e  t o t a l  s u m

o f  s q u a r e s  o f  t h e  d e v i a t i o n s  f o r  a l l  t h e  e x p e r i m e n t s  a t  2 0 ° C .  i s  s e e n  t o  

b e  6 - 2 4 3 9 8 6  ( T a b l e  I I )  w h i c h  f o r  1 6 5  d e g r e e s  o f  f r e e d o m  h a s  a  m e a n  

s q u a r e  o f  0 - 0 3 7 8 4 2 .

T A B L E  I I

T h e  e m p i r i c a l  v a r i a n c e  o f  t h e  i n d i v i d u a l  m e a n s  f r o m  t h e i r  m e a n  l t 5 0 ’ s 
o f  e x p e r im e n t s  w i t h  c o n c e n t r a t i o n s  o f  e t h y l e n e  g l y c o l  a n d  it s  m o n o 

a l k y l  ETHERS A T  2 0 ° C .

C o m pound
Concen
tra tio n ss N

M ean
square

Vlog.LT50 

=  VT T = W T
M ean 
LT 5 0  

— t m in .

St =
t.S-j-
m in.

Ethylene
per cent. 

72-5 0-160464 11 0-014583 0-003154 ± 0 -0 5 6 1 6 173 ± 9 -7 2
glycol 75-0 0-735303 31 0-023719 0-001183 0-03438 128 4 -40

77-5 0-219221 14 0-015659 0-002523 0-05023 65 3-26
8 0 0 0-143436 9 0-015937 0-003784 0-06152 35 2-15
82-5 0-447628 8 0-055953 0-004205 0-06485 10 0-65
8 5 0 0-074278 9 0-008253 0-003784 0-06152 24 1 -48
9 0 0 1-111313 9 0-123479 0-003784 0-06152 6 21 0-38

M onom ethy l 42-5 0-090413 3 0-030138 0-009461 0-09721 542 42-93
ether 45-0 0-307745 3 0-102582 0-009461 0-09721 225 17-82

47-5 0-240111 3 0-080037 0-009461 0-09721 102 8-08
5 0 0 0-772400 3 0-257467 0-009461 0-09721 60 4-83
52-5 0-291168 3 0-097056 0-009461 0-09721 57 4-51

M onoe thy l 25-0 0-013826 2 0-005913 0-012614 0-11230 311 34-93
ether 27-5 0-005202 1 0-005202 0-018921 0-13760 106 14-59

30-0 0-072759 3 0-024253 0-C09461 0-09721 55 5-35
32-5 0-274433 4 0-068858 0-007568 0-08700 17 1 -48
3 5 0 0-171692 3 0-057231 0-009461 0-09721 9-5 0-92

M o n o p ro p y l 7 -8 0-038138 3 0-012711 0-009461 0-09721 126 12-25
ether 9 0 0-049307 3 0-016436 0-009461 0-09721 55 5-35

10-0 0-071354 3 0-023785 0-009461 0-09721 27 2-62
1 1 0 0-049113 3 0-016371 0-009461 0-09721 14 1 36
12-0 0-056922 3 0-018974 0-C09461 0-09721 8 0-77

M o n o b u ty l 3-50 0-036101 3 0-012034 0-009461 0-09721 133 12-93
ether 3-75 0-164006 3 0-054669 0-009461 0-09721 70 6-80

4 -00 0-029107 3 0-009702 0-009461 0-09721 30 2-92
4-25 0-006001 3 0-002000 0-009461 0-09721 24 2-33
4 -50 0-021083 3 0-007028 0-009461 0-09721 10 0-97

M onohe xy l 0-400 0-219795 4 0-054949 0-007568 0-08700 247 21 -49
ether 0-425 0-171177 4 0-042794 0-007568 0-08700 85 7-40

0-450 0-001404 1 0-001404 0-018921 0-13760 45 3-92
0-475 0-089286 3 0-029762 0-009461 0-09721 37 3-22
0-500 0-109805 4 0-027451 0-007568 0-08700 25 2-18

T o ta l 6-243986 | 165 0-037842* |

6-243986
* ---------------=0 -037 842

165

T h e  v a r i a n c e  o f  l o g .  L T 5 0  ( V T ) a t  a  p a r t i c u l a r  c o n c e n t r a t i o n  i s  o b t a i n e d  

b y  d i v i d i n g  t h e  a v e r a g e  m e a n  s q u a r e  ( 0 - 0 3 7 8 4 2 )  b y  t h e  n u m b e r  o f  e x p e r i 

m e n t s  p e r f o r m e d  a t  t h a t  c o n c e n t r a t i o n ;  i n  t h e  i n s t a n c e  c i t e d  i t  w i l l  b e  

0 * 0 3 7 8 4 2
--------------------=  0 - 0 0 9 4 6 1 .  H e n c e  t h e  g r e a t e r  t h e  n u m b e r  o f  t e s t s  p e r f o r m e d

a t  a  p a r t i c u l a r  c o n c e n t r a t i o n  t h e  s m a l l e r  w i l l  b e  t h e  v a l u e  o f  V T . T h e  

s t a n d a r d  e r r o r  o f  l o g .  L T 5 0 ,  ( S ^ )  e q u a l s  V T T h e  s t a n d a r d  e r r o r
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o f  L T 5 0 ,  ( ST) ,  i s  g i v e n  f r o m  t h e  r e l a t i o n s h i p  S , = t . S T *  T h e  s t a n d a r d  e r r o r s  

o f  t h e  m e a n  v a l u e s  o f  t h e  L T 5 0 ’ s  a t  e a c h  c o n c e n t r a t i o n  h a v e  b e e n  c a l c u 

l a t e d  a n d  i n c l u d e d  w i t h  t h e i r  m e a n  L T 5 0 ’ s  i n  T a b l e  I I .

3 .  C o n s tr u c t io n  o f  l im its  o f  e r r o r  c u r v e s  f o r  th e  e s t im a tio n  o f  L T 5 0 .  
T h e  l i m i t s  o f  e r r o r  f o r  o n e  e s t i m a t i o n  w i l l  d e p e n d  o n  t h e  m e a n  v a l u e  o f  

L T 5 0 ,  d e t e r m i n e d  f r o m  a  l a r g e  n u m b e r  o f  e x p e r i m e n t s ,  a n d  o n  t h e  p r o b a 

b i l i t y  l e v e l  a t  w h i c h  i t  i s  d e s i r e d  t o  w o r k .  T h e  f o l l o w i n g  e x a m p l e s  i l l u s 

t r a t e  t h e  m e t h o d  o f  c a l c u l a t i n g  t h e  l i m i t s  a t  t h r e e  p r o b a b i l i t y  l e v e l s  f o r  

t w o  w i d e l y  s e p a r a t e d  v a l u e s  o f  L T 5 0 .

( a )  C a lc u la tio n s .

( i )  W h e n  th e  m e a n  L T 5 0  is  1 0 0  m in u te s .  T h e  a v e r a g e  m e a n  s q u a r e  

f o r  t h e  d e v i a t i o n s  o f  l o g .  L T 5 0  i s  g i v e n  i n  T a b l e  I I  a s  0  0 3 7 8 4 2 ;  i t s  s t a n 

d a r d  e r r o r  ( S T )  w i l l  b e  V 0  0 3 7 8 4 2  =  ± 0  1 9 4 5 .  T h i s  i s  t h e  s t a n d a r d  

e r r o r  f o r  o n e  e x p e r i m e n t ,  w h i c h  i n  t e r m s  o f  a r i t h m e t i c  t i m e  w i l l  b e  

1 0 0  x ±  0 T 9 4 5  =  ±  1 9 - 4 5  m i n u t e s  ( f r o m  S , =  t .S T). W h e n  t h e  m e a n  

o f  n  e x p e r i m e n t s  i s  t a k e n ,

±  1 0 0
1 0  0 3 7  

\ l  n

0 3 7 8 4 2 0 - 1 9 4 5  

•J n
(3)

T h e  l i m i t s  o f  t h e  e s t i m a t i o n  a r e  ±  c s ,  ( w h e r e  c  =  n o r m a l  d e v i a t e ) .  

H e n c e ,  w h e n  o n e  e x p e r i m e n t  i s  p e r f o r m e d ,  t h e  l i m i t s  w i l l  b e  a s  f o l l o w s :

a t  ?  —  0  0 1 ,  ±  2 - 5 7 6  x  1 9 - 4 5  =  ±  5 0 - 0 9  m i n u t e s

a t  P  =  0 - 0 5 ,  ±  T 9 6  x  1 9 - 4 5  —  ±  3 8 - 1 3  m i n u t e s

a t  P  =  0 - 3 2 5 ,  ±  1 - 0 0  x 1 9 - 4 5  ±  =  1 9 - 4 5  m i n u t e s

T h i s  m e a n s  t h a t  w h e n  t h e  r e s u l t  f r o m  o n l y  o n e  e s t i m a t i o n  i s  t a k e n  

a n d  t h e  c o r r e c t  v a l u e  s h o u l d  b e  1 0 0  m i n u t e s ,  a t  P  =  0 - 0 1 ,  t h e  L T 5 0  i n  

o n e  i n s t a n c e  o u t  o f  e v e r y  1 0 0 ,  s h o u l d  f a l l  o u t s i d e  t h e  l i m i t s  1 0 0  ±  5 0 - 0 9  

m i n u t e s ;  a t  P  —  0 - 5 ,  t h e  l i m i t s  w i l l  b e  ±  3 8  1 3  m i n u t e s ,  i . e . ,  o n l y  5  

r e s u l t s  o u t  o f  e v e r y  1 0 0  f a l l  o u t s i d e  t h e  r a n g e  1 0 0  ±  3 8 - 1 3  m i n u t e s ,  

w h e r e a s  a t  P  =  0 - 3 2 5 ,  o n e  r e s u l t  o u t  o f  e v e r y  t h r e e  s h o u l d  f a l l  o u t s i d e  

t h e  l i m i t s  1 0 0  ±  1 9 - 4 5  m i n u t e s .

W h e n  t h e  m e a n  o f  s e v e r a l  t e s t s  i s  t a k e n ,  t h e  l i m i t s  o f  e r r o r  w i l l  b e  

p r o p o r t i o n a l l y  s m a l l e r .  T h e  l i m i t s  a t  t h e  t h r e e  p r o b a b i l i t y  l e v e l s  u p  t o  

4 0  e x p e r i m e n t s  h a v e  b e e n  c a l c u l a t e d  f r o m  e q u a t i o n  ( 3 )  a n d  s e t  o u t  i n  

T a b l e  1 1 1 ( a ) .

*  L e t  t =  L T 5 0  a n d  T  =  l o g .  L T 5 0 ,  t h e n  T  =  l o g .  t

h e n c e  s T

V t =  V,

d T  
dt

( d r y
(dt)

( s i n c e  S  =  V  V)

B u t  f  - i -  
dt t

t h e r e f o r e  st  =
Si

o r  st =  t. st .
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(ii) W hen the m ean L T 5 0  is  2 0  m inutes.

H e re  st 20
0 -0 3 7 8 4 2

n

3-98  

ain
(4)

L im its  o f  the estim ation. W h e n  one experim ent is p erform ed , the 
lim its w ill be  as fo l lo w s :

at P  =  0 -0 1 , *  2 -5 7 6  x 3 -8 9  =  ±  1 0 -02  m inutes

at P  =  0 -0 5 , ±  1-96 x 3 -8 9  =  ±  7 -63  m inutes

at P  =  0 -3 2 5 , ±  1-00 x  3 -8 9  =  ±  3 -8 9  m inutes

T h e  lim its at the three prob ab ility  levels up to 4 0  experim ents h ave been
calculated  fro m  equation  (4 ) and  set ou t in T a b le  I I I  (b).

F ro m  the sets o f results in T a b le  I I I  curves h ave been  constructed  
(Figure I )  to illustrate h ow  the lim its o f  error o f  the estim ation  d im inish  
as the n u m b er o f  tests from  w hich the m ean  L T 5 0  is ca lculated , is in 
creased.

(b ) T h e use o f  the lim its o f  error curve. W h e n  a  n u m b er o f  lim its o f  
error curves h ave been  constructed  to  co ver the range o f  L T 5 0 ’ s expected  
in a  series o f  experim ents, the error o f  the estim ation s at the different 
probability  levels ca n  b e  deduced  rapidly .

F o r  m o st o f  the m ean  LT5CTs for different concentrations o f  the c o m 
p ou n d s investigated in this thesis, fou r estim ations h ave b een  u sed . In  
som e instances, e .g ., ethylen e g ly co l at 2 0  ° C .,  m a n y  m o re  tests w ere  
p erform ed at each  con centration . H o w e v e r , it is seen fro m  F igure 1 
that if  an L T 5 0  o f  100  m in u tes is exp ected , then  fro m  the m ean  o f  
fou r experim ents the exp erim en tal tim es m a y  b e  exp ected  to fa ll outside  
the lim its o f  81 an d  119  m inutes 5 tim es ou t o f  every 100  estim ations  
at P  =  0 -0 5 ) . T h e se  lim its b e co m e  narrow er as the n u m b er o f  tests 
is increased; in fact to halve the deviation  (i.e ., to  d ou b le  the accuracy) 
requires qu adru ple  the n u m b er o f  tests. F o r  ex a m p le , w hen the m ean  
o f 2 0  experim ents is taken , the lim its are 91-5  and  108-5  m in u tes; yet  
fo r  3 0  experim ents they are 93  an d  107  m inutes, and  for 4 0  experim ents  
o n ly  9 4  and  106 m inutes. It is necessary to decide on  the lim its o f  
error required in an  assay and then to p erform  the required n u m b er o f  
tests to  procure this accu racy ; alth ou gh  greater precision is ob tainable  
b y carrying ou t a  larger n u m b er o f  experim ents fro m  w hich to  co m p u te  
the m ean , it m a y  b e  decided  that the benefits o f  the sm aller additional 
accu racy so obtained is not in keeping with the nature o f  the assay.

C alcu lation  of R e su l t s  f r o m  E xp e r im e n ts  at 3 0 ° C .

C alcu lation  o f  the log. L T 5 0 's  a n d  the standard errors o f  L T 5 0 ’s. The  
log . L T 5 0 ’s for each  exp erim en t an d  the m ean  figure a t each  con cen tra
tion o f  a substance w as calculated  as b efore  from  the p ro b it-lo g . tim e  
regression equation .
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F ig. 1.— Relation between the limits of error of the estimation of LT50 at different 
probability levels and the number o f replicate tests performed.

T h e  sum  o f  squares for the deviation s o f  each log . L T 5 0  from  its 
log . L T 5 0  (the m ean  valu e o f  L T 5 0  for all the tests at a particular c o n 
centration) w as co m p u ted  for every concentration  o f  all the co m p ou n d s. 
T h ese  h av e  been  set out in T a b le  I V  together w ith their m ean  squares. 
T h e  tota l sum  o f  squares o f  the d eviation s o f  all the experim en ts is 
3 -1 8 4 8 4 5 , w hich for 7 4  degrees o f  freed om  has a m ean square o f  0 -0 4 3 0 3 8 .
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T h e  variance o f  log . L T 5 0  (i.e ., V T) at a particular concentration  is o b 
tained b y  d ivid ing the average m ean  square (0 -0 4 3 0 3 8 )  b y  the n u m b er  
o f  experim ents perform ed at that concentration . T a b le  I V  presents a

TABLE IV
T h e  e m p ir ic a l  v a r ia n c e  o e  t h e  i n d i v i d u a l  m e a n s  f r o m  t h e ir  m e a n  l t SO’ s

OF EXPERIMENTS W ITH CONCENTRATIONS OF ETHYLENE GLYCOL AND ITS MONOALKYL
ETHERS AT 30 C.

H. BERRY AMD I. MICHAELS

Compound
Concen j 
tration s s .V ;

1
Mean j 

Square
Flog. LT50

=  VT S f — ■/ V
Mean 

LT50= 
t min.

St =  
t.ST 
min.

Ethylene
per cent. 

62-5 0-021650 2 0-010825 0-014346 0-1098 ±101 ±11-09
glycol 6 5 0 0-425643 3 0-141881 ; 0-010759 0-1038 113 11-73

67-5 0-779288 5 0-155858 0-007173 0-0847 28 2-37
7 0 0 0-021981 3 0-007327 0-010759 0-1038 16 1-66

Monomethyl 3 5 0 0-099914 3 0-033305 | 0-010759 0-1038 90 9-34
ether 37-5 0-050939 3 0-016980 0-010759 0-1038 54 5-61

4 0 0 0-056315 3 0-018772 0-010759 0-1038 25 2-60
42-5 0-051599 3 0-017200 0-010759 0-1038 13 1-35

Monoethyl 12 -5 0-103907 3 0-034636 0-010759 0-1038 156 16-19
ether 1 5 0 0-142569 3 0-047523 0-010759 0-1038 87 9-03

17-5 0-241659 3 0-080556 0010759 0-1038 37 3-84
2 0 0 0-305846 3 0-101949 0010759 01038 8 0-83

Monopropyl 3 0 0-028459 3 0-009486 0-010759 0-1038 159 16-50
ether 4 0 0-034941 3 0-011647 0-010759 0-1038 91 9-45

5 0 0-021521 3 0-007174 0-010759 0-1038 55 5-71
6 0 0-008830 3 0-002943 0-010759 0-1038 27 2-80

Monobutyl 1-5 0-405014 3 0-135005 0-010759 0-1038 294 30-52
ether 2-0 0086614 3 0-028871 0010759 0-1038 50 5-19

2-5 0-026305 3 0-008768 0-010759 0-1038 22 2-28
3 0 0-079045 3 0-026348 0-010759 0-1038 8 0-83

Monohexyl 0-325 0-021501 3 0-007167 0-010759 01038 98 10-17
ether 0-350 0-008527 3 0-002842 0-010759 0-1038 64 6-64

0-375 0-028385 3 0-009462 0-010759 0-1038 41 4-26
0-400 0-122318 3 0-061159 0010759 0-1038 18 ! -98
0-425 0-012075 2 0-006038 0014346 0-1038 I 9 0-99

Total 3-184845 74 0-043038*

74

su m m ary o f  the bactericidal activities at 30  °C . o f  a ll the concentrations  
o f  the different c o m p o u n d s , together w ith the standard errors o f  the  
m ean  values o f  the L T 5 0 ’s at each concentration .

It is seen that the m ean  square at 3 0 ° C . (0 -0 4 3 0 3 8 )  an d  at 2 0  C . 
(0 -0 3 7 8 4 2 )  are o f  the sam e ord er; this indicates that the technique is 
con stan t an d  soun d.

T h e  E f f e c t  o f  V a r ia t io n  in  t h e  I n it ia l  N u m b e r  o f  O r g a n is m s  o n

t h e  V a l u e  o f  L T 5 0

E x p erim en ta l part. T h e  experim ents in P art V I 6, designed to  show  
the effect o f variation in the initial n u m b er o f  organism s on  the value  
o f  the slop e  o f  the regression, are also  suitable to  dem on strate  the effect 
on the value o f  the L T 5 0 .

R e su lts  an d  calculations. T a b le  V  sets out the L T 5 0 ’ s ob tain ed  for  
the experim en ts, w hich w ere carried out w ith 75  per cent, ethylene g lycol  
at 2 0 °C . L o g . L T 5 0  w as calcu lated  fro m  the equation  v  =  y  +  b(x -  x)
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w here y  =  5 , y  =  the m e a n  value o f  y  for a test, 6  =  the m ean  slope o f  the 
regression (1 -2 0 2 5 , T a b le  X  Part V 5), x =  log . L T 5 0  and .v = the m ean  
valu e o f  x  for  a  test.

T A B LE  V
V a l u e s  oe l t 5 0  f r o m  t h e  d is in f e c t io n  o f  b a c t . c o u  by  7 5  p e r  c e n t .

ETHYLENE GLYCOL AT 20 C. FROM EXPERIMENTS USING DIFFERENT INITIAL NUMBERS
OF ORGANISMS

1 Initial inoculum.
|

Group Expr. No. ! No. o f  organisms Log.i-.T50 !.t50 minutes

A ............... 186f

per ml. 

114,000 2-126 134
186d 221,000 2-039 109
186b 379,000 2-005 101

B ............... 199e 156,600 2-109 129
I99g 1-491 millions 2-035 108
J99j 12-83 2-118 131
199b 13-30 2-062 1 115

C ............... 184b 1-247 1 -984 96
184d 2-484 1 -933 86
184f 5-295 1 -985 97
184h 12-64 2-000 100

D ............... 168b 9-44 1-903 80
I67b 16-54 :  151 142
169b 28-10 1 -963 92

E ............... 202d 15-25 2-018 104
202f 81-27 2-182 152
202f 143-1 2-140 138
202k 299-6 2-387 244

F ............... 200b 462-9 2-290 195
200c 462-9 2-375 237
200d 462-9 2-324 211
200e 462-9 2-490

1
309

C o n c l u s i o n

T h e re  w as n o  correlation  b etw en  the L T 5 0  and  the initial n u m b er  
o f  organ ism s over a  very large range (1 1 4 ,0 0 0  organ ism s per m l. to  143-1  
m illion s per m l.) ; the results fro m  experim en ts with still heavier initial 
in ocu la , h ow ever, gave larger L T 5 0 ’s. T h e  experim ental technique w as  
n ot sufficiently sensitive to detect differences in the values o f  L T 5 0  over  
a certain range, and it w ou ld  ap p ear that there is con siderable  latitude  
in the nu m b ers o f  organ ism s w hich sh ou ld  be ad d ed  to disinfectant so lu 
tions w hen com p arin g  their bactericidal activities under the standardised  
con dition s.

S u m m a r y

1. T h e  ad vantages o f  using interm ediate m ortality levels instead o f  
en d -p o in ts and  reaction velocities for the com p arison  o f  bactericidal 
activity have been  d iscussed .

2 . T h e  tim e to kill 5 0  per cent, o f  the initial in ocu lu m  (L T 5 0 )  has  
b een  em p lo y e d  an d  its logarith m  co m p u ted  m ath em atically  fro m  the  
p ro b it-lo g . tim e regression eq u ation  o f  the disinfection  data betw een  
B act. co li and  ethylene glvcol and its m on oalk y l ethers, for  experim ents  
at 2 0 °C . and at 3 0 °C .
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3. T h e  standard errors o f the L T 5 0 ’s fo r  experim ents at 2 0 ° C . and  
3 0 ° C . h av e  been  c o m p u te d ; fro m  the form er, the lim its o f the estim a
tions a t three prob ab ility  levels (at P = 0 - 0 1 ,  0 -0 5  an d  0 -3 2 5 )  h av e  been  
calculated  an d  lim its o f  error curves constructed .

4 . T h e  experim en tal technique w as n ot sufficiently sensitive to  detect 
differences in the values o f  L T 5 0 ’s over a  large range o f  different initial 
num bers o f  organ ism s under standardised con dition s. A fte r  a  certain  
stage had  been reached, h ow ever, heavier initial in ocu la  resulted in larger 
L T 5 0 ’s.
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Se ve r al  volu m etric m eth o d s o f  d eterm ination  o f  barbituric acid d eriva
tives h ave b een  described in the literature, m o st o f  th em  depending u pon  
the acid ity  o f  the im id o  hyd rogen . T h ese  m eth od s h ave recently been  
review ed b y  M a n g o u ri and  M ila d 1, w h o classified th em  into tw o classes, 
on e class consisting o f  m eth o d s in volving direct titration w ith a lk ali, an d  
the other titration w ith standard silver nitrate solu tion . T h e se  authors  
fou n d  m o st o f  the published  m eth o d s to b e  w anting in accuracy unless  
m odified , an d  they d eveloped  a  m eth o d  depending u p on  the p re
cipitation o f  the barbiturate as its silver salt w ith silver nitrate solution  
and determ in ation  o f  the excess o f  silver. A p a rt  fro m  gravim etric  
determ ination  o f  tablets an d  sod iu m  salts, there are n o  pharm acopoeial 
m eth ods o f  assay o f  the barbiturates.

B arbituric acid  derivatives give  precipitates with other h eavy m etals  
besides silver an d  precipitation w ith  a strong nitric acid  solution  o f  
m ercuric nitrate (M illo n ’s R e agen t) is c o m m o n ly  used  as a  prelim inary  
qualitative test fo r  their presence. T h is  precipitate appears to  be  quite  
in soluble in excess o f  the co ld  reagent, b u t is appreciably  solu b le  on  
boiling. I t  w as considered feasib le  that a m eth od  o f  assay depen din g  
u pon  this precipitate co u ld  be d eveloped . T h e  solution o f  m ercuric  
nitrate, h ow ever, is necessarily strongly acid and dilute neutral volum etric  
solutions are therefore difficult to  obtain .

It  w as fou n d  h ow ever, that a  solu tion  o f  m ercuric perchlorate also  gives  
a precipitate w ith neutral solutions o f  the barbiturates and as this m a y  be  
readily ob tain ed  in a  dilute, a lm o st neutral, so lu tion , an attem p t w as  
m a d e  to  d ev elo p  a m eth o d  o f  assay using this reagent. A  solu tion  o f  
m ercuric perchlorate is readily prepared in  a  0 1 M  con cen tration  b y  
dissolvin g m ercuric ox id e  in dilute perchloric acid solu tion 2, and the  
m eth o d  d ev elo p ed  con sists essentially  o f  adding a kn ow n  excess o f  this 
solution  to  an  aq u eo u s solu tion  o f  the barbiturate, filtering off the p recip i
tate o f  m ercuric barbiturate and  determ ining the excess o f  m ercury  
volum etrically .

P recipitation w ith this solu tion  is n o t specific for the barbiturates and  
a precipitate is ob tain ed  with the su lp h on am ides, cin ch oph en , p h enazone  
and ca rb rom a l. A s ,  h ow ever, these drugs (except perhaps the last) are 
n ot usually fo u n d  associated  w ith the barbiturates, this fact w ou ld  not 
appear to detract fro m  the valu e o f  the m eth o d , at least in its application  
to p h arm aceu tical preparations.

E x p e r im e n t a l

M ercu ric  P erch lorate S o lu tio n .— A n  ap p roxim ately  O T M  solu tion  w as  
prepared b y  bo ilin g  an excess (2 5  g .)  o f m ercuric ox id e  with 28 g . o f

A  VOLUM ETRIC DETERM INATION OF BARBITURIC ACID
DERIVATIVES
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6 0  per cent, perchloric acid in 2 0 0  m l. o f  w ater, adjusting to 1 1. and  
filtering. T h is  solu tion  con tain s ap p roxim ately  3 6 -6  g . o f  m ercuric  
perchlorate and  rem ains stable indefinitely.

D eterm ination  o f  the M erc u ry .— E arlier d eterm ination s o f the excess  
o f  m ercury w ere carried ou t, using the process described in the British  
Pharm acopoeia fo r  the assay o f  m ercuric ch loride, i.e ., reduction w ith  
alkaline form ald eh y d e  an d  ab sorption  o f  the precipitated m ercury w ith  
excess o f  standard iodine. T h is  m eth o d , h ow ever, d id n o t p rove c o m 
pletely su ccessful, as w idely varying results w ere often  ob tain ed . A s  it 
w as fou n d  that the perchlorate ion  differs fro m  the ch loride ion  in n ot 
form in g  c o m p lexes in the presence o f  the thiocyanate io n , the a m m o n iu m  
thiocyanate m eth o d  o f  assay w as u sed  and  fou n d  to b e  com p lete ly  satis
factory. I t  w as fo u n d  that the final ox id ation  o f  the solu tion  b y  boiling  
w ith nitric acid  b efore  titration w ith a m m o n iu m  thiocyanate solu tion  w as  
n ot essential, an d  the sam e titration figures w ere ob tain ed  w ith b o iled  
solutions as w ith the u n boiled  on es. T h is  w as fou n d  to  b e  so  even  in 
the presence o f  starch.

P recip itation  o f  the B arb itu rate .— A n a ly sis  o f the precipitate obtained  
with a barbiturate containing an unsubstituted im id o nitrogen indicated  
a m o n om o lecu la r co m p o u n d  w ith the m ercury , e .g . b arbiton c g a ve  a 
precipitate con tain in g 7 2 6  per cent, o f  nitrogen and  51 -43 per cent, o f  
m ercury, (C 8H 10O 3N 2)H g  requires N ,  7 -3 3  per cen t., H g , 52 -3  per cent. 
H en ce  2  1. o f  0 -1 M  m ercuric perchlorate solution  is equ ivalen t to  on e  
m olecu le  o f  the barbiturate.

A s  the barbituric acid derivatives them selves are insoluble in w ater, 
prelim inary experim ents w ere p erform ed b y  ad d in g the m ercuric  
perchlorate solu tion  to a b o ilin g  solu tion  o f  the barbiturate in w ater. 
O w in g  to  the slight solubility  o f  the precipitate in b o ilin g  w ater, h ow ever, 
low  results w ere ob tain ed . T h is  tendency w as em p h asised  w hen the 
volu m e o f  w ater used to  dissolve  the barbiturate w as increased. A t  high  
concentration  a lso , lo w  figures w ere ob tain ed , p ro b ab ly  due to  com p lex  
form ation 3, bu t this w as on ly  m an ifest in concen tration s over 8 -0  m illi- 
m o le s /1 . an d  if the concentration  w as m aintained  betw een 2  5 m illim oles  
and 6 -2 5  m illim o le s /1 ., con cord an t results w ere ob tain ed  (T a b le  I).

In  the m eth o d  finally ad op ted , m ix in g  o f  the tw o solutions w as carried  
ou t a t ro o m  tem perature at a d ilution  o f  ab ou t 0 -2  g. in 1 50  m l. T h e  
effect o f  buffering the barbituric acid  solution  w as a lso  investigated, as

TABLE l
E ffec t  o f  c o n c e n t r a t io n  o f  b a r b it u r a t e

Found Percentageadded in ml.

"
B a rb ito n e ....................................................................... 0 • fo05 200 0-0995 98-97

0-2010 200 0-1989 98-95
0-3015 200 0-2947 97-74

Phenobarbitone ... 0-1000 200 0 0999 99-91
0-2000 200 0-1998 99-68
0-3000 200 0-2966 98-87
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the sod iu m  salts o f  the barbiturates are alkaline in reaction , and here  
again it w as fou n d  that a w ide variation o f  p H  w as possib le  w ith ou t any  
appreciable effect on  the results ob tained  (T a b le  I I) . T h e  precipitate w as  
fo u n d  to be  ap p reciably  solu ble  in excess o f  perchloric acid h ow ever, and  
n o  precipitate is ob tain ed  in the presence o f  excess o f  chloride ion or  
m ineral acids.

BARBITURIC ACID DERIVATIVES

TABLE II
E f f e c t  o f  p H  o f  s o l u t io n  o f  s o d iu m  p h e n o b a r b it o n e

Amount added Dissolved
g. in ml. ! pH Found Percentage

0-2438 ................................................................ 50 ! 8-6 0-2296 94-18
0-2438 ................................................................ 50 8-0 0-2306 94-58
0-2438 ................................................................ 50 1 7-0 0-2296 94-18
0-2438 ................................................................ 50 I 6-0 0-2296 94-18
0-2438 ................................................................ 50 ! 5 0 0-2306

-

94-58-

N o  difficulty w as experienced in filtering the solution  after precipitation, 
and the presence o f  starch had n o  effect on filtration if the solu tion  w as  
b o iled  to  partially h yd rolyse  this. In  order to avoid  a lon g  w ashing o f  the 
precipitate, co m p lete  filtration w as avoid ed  and an “  a liq u ot part ”  m eth od  
used throughout.

M eth o d  A d o pte d

W eig h  ou t ap p roxim ately  0 -2  g. o f  the barbiturate (or its equivalent in 
p ow d ered  tablets) and  d isso lve  in 5 0  m l. o f  boiling distilled  w ater. B o il  
fo r  a few  m inutes after solution  has been  achieved and  ad d  ab o u t 8 0  m l. 
o f  w ater and a llow  to  co o l to ro om  tem perature. T ra n sfer the solution  
to  a  2 0 0  m l. m easu rin g flask  and  w ash  the container several tim es adding  
the w ashings to the contents o f  the flask , until the vo lu m e is ab ou t 150  m l. 
N o w  ad d  s low ly , w ith rotation  o f  the contents o f  the flask , 25  m l. o f  the 
solu tion  o f  m ercuric perchlorate and allow  the m ixture to  stand w ith  
frequent shaking for 15  m inutes. A d ju s t  the vo lu m e o f  the solu tion  to  
200  m l. and then filter through a  d ou b le  fluted filter p aper into a  dry  
100  m l. m easuring flask. R e je ct the first 5 0  m l. o f  the clear solu tion  and  
then co llect 1 00  m l. T ran sfer this filtrate to a  con ica l flask , w ashing the  
m easuring flask w ith 2 0  m l. quantities o f  10  per cent, nitric acid  so lu tion , 
and adjust the v o lu m e o f  liquid  to ab o u t 2 5 0  m l. A d d  1 m l. o f  a saturated  
solu tion  o f  ferric alum  and titrate w ith N / 1 0  am m on iu m  thiocyanate. 
R e p e a t the operation  w ith ou t the barbiturate. T h e  difference in  the tw o  
titrations represents the n u m b er o f  m l. o f  m ercuric perchlorate solution  
required for the barbiturate.

E ach  m l. o f  N / 1 0  am m on iu m  thiocyanate is equivalent to  the m olecu lar  
w eight o f  the b a rb itu ra te /2 0 ,0 0 0 , e .g . : — barbiton e 0 -0 0 9 2 1  g .; barbiton e  
sod iu m  0  0 1 0 3  g . ;  p h en obarbiton e 0 0 1 1 6  g .; ph en obarbiton e sod iu m  
0 -0 1 2 7  g.

R e su l t s

T h is  procedure w as applied  to the Pharm acopoeial barbiturates and  
their preparations. A s  a ch eck  on  the m e th o d , the B  P . assay w as used in
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the case o f  the sod iu m  salts and a K jeld ah l assay w as carried ou t on  the  
barbiturates them selves.

TABLE lil 
B a r b it u r a t e s

Compound

Perchlorate Method B.P. Method 
or Kjeldahl

Added Found Percentage Percentage
s- g.

B arbitone.................................................... 0-2021 0-2008 99-35 99-75
0-2029 0-2019 99-50

Barbitone Sodium ........................................ 0-2531 0-2523 99-68 99-59
0-2522 0-2513 99-64

Phenobarbitone........................................ 01984 0-1972 99-40 99-94
0-2030 0 2018 99-40
0-1796 0-1786 99-44

Phenobarbitone Sodium........................... 0-2273 0-2230 98-10 99-12
0-2223 0-2198 98-87

T ablets

V a rio u s  m a k ers ’ tablets w ere used and as ch ecks on  the m eth o d , the
B .P . gravim etric assay w as used th roughout. In  this application  o f  the 
suggested procedu re, certain advantages w ere seen over the B .P . assay. 
In  the latter, som e m a k ers ’ tablets tended to  give difficulty b y  the fo rm a 
tion  o f  em u lsion s in the prelim inary extraction . O th er m a k ers’ tablets on  
the other h an d , w ere quite free fro m  this difficulty. T h e  starch vehicle  
gave no difficulty in the m ercuric perchlorate m eth o d  bu t in ord er to  
ensure rapid filtration fro m  the m ercu ry precipitate, 5 m in u tes’ gentle  
boiling w as used in order to partially h yd rolyse  the starch. A fte r  this, 
filtration w as as rapid as in the ab sence o f  starch.

It w ill be  noticed that in the m ajority  o f  cases the p erchlorate m eth od  
gave  slightly higher results than the P harm acopoeial m eth o d . N o  ex p la n a 
tion  o f  this w as d iscovered  but it m a y  be that the starch present in the  
tablets is a  disturbing factor. T h is  is b orn e ou t to  som e exten t b y  the 
fa ct that though n o  such discrepancy w as ob served  w ith the sod iu m  salts 
o f  the barbiturates it w as ob served  w ith a  factitious “  tablet,”  i .e „  a 
sim ple m ixture o f  starch and  barbiturate. T h e se  figures are aiven in 
T a b le  I V ,  “  M a k e r  B ,”  and  T a b le  V .  “  M a k e r  C .”

N -Substituted B arb itu rates .— T h e  assay outlined ab o v e  w as applied  to  
m eth ylph en ob arb iton e and h exobarbiton e sod iu m . Satisfactory results 
w ere ob tain ed  only with the form er. In  the case  o f  h exob arb iton e  sodium  
the precipitated m ercury' co m p ou n d  w as appreciably solu b le  in w ater and  
results ob tain ed  w ere very low .

M eth ylp h en ob arb iton e  o n  the other h an d, th ou gh  closely  related to  
h exob arb iton e  gives a practically in solub le m ercury derivative, bu t ow ing  
to  the a lm o st com p lete  insolubility  o f  the m eth ylp h en ob arb iton e itself  
the m ethod  had  to be  m odified  in the fo llow in g  w a y :— H e a t 0 -4  to  0 -5  g. 
o f  the m eth ylp h en ob arb iton e with 2 0  m l. o f  N / 1 0  sodium  hyd roxide and
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120  m l. o f  w ater to 6 0  °C . until d isso lved . W h ile  m ain tain in g at this 
tem perature ad d  10  m l. o f  10  per cent, acetic ac id  fo llow ed  im m ed iately  
b y  25  m l. o f  m ercuric perchlorate solution . A llo w  the m ixture to  c o o l  
to  ro o m  tem perature, transfer to  a  m easu rin g flask  w ith  w ash in g , adjust  
to  2 0 0  m l., stand fo r  15 m in u tes w ith shaking and p roceed  as in  the  
original m eth od .

BARBITURIC ACID DERIVATIVES

TABLE IV
T a b l e t s  o r  b a r b it o n e  a n d  b a r b it o n e  s o d iu m

Compound Maker

Perchlorate Method B.P. Method

Added Found Percentage Percentage

Barbitone 5 grains ............... A 0 1665 
0-2000 
0-1747

0-1423
01704
0-1491

85-46 
85-20 
85 • 34

82-52

B 0-2102
0-2107

0-1308
0-1308

62-22
62-07

61-28

C 0-2005
0-2015

0-1510 
0 1528

j 75-50 
75-83

73-27

Barbitone Sodium 5 grains A 0-2090
0-2193

1 0-1463 
0-1535

! 70 00 
70-00

67 16

B 0-2000
0-2062

1 0-1669 
0-1730

83-45
83-89

83-35

c 0-1995
0-2034

0-1607
01627i

80-55
80-001

77-69

TABLE V
T a b l e t s  o f  p h e n o b a r b it o n e  a n d  phf.n o b a r b it o n e  s o d iu m

Perchlorate Method ! B.P.

Tablet Maker -  - - _________

. .  -

Added Found Percentage Percentage

Phenobarbitone 1 grain... A 0-2103
0-2006
0-1892

01183 
0-1137 
0 1067

56-25
56-69
56-39

_

53-60

B 0-1949
0-2329
0-2092

0-1298
0-1554
0-1392

66-64
66-71
66-53

66-00

C 0-2226
0-1990

0-1392
0-1253

62-53
62-96

61-23

Phenobarbitone Sodium 1 grain A 0-1945
0-2253

0-0965
0-1118

49-61
49-62

48-16

\ grain ........................................ B 0-3967
0-3996

0-2083
0-2108

52-51
52-78

52-5?

C 0-2538
0-2461

0-1067
0-1041

42-03
42-30

40-30

In  this ca se  on e  m o lecu le  o f  m ercu ry co m b in es w ith tw o m olecu les  
o f  the barbiturate so that 1 m l. o f  N / 10  a m m o n iu m  thiocyanate is e q u iva 
lent to  0 -0 2 4 6 4  g. o f  m eth ylp h en ob arb iton e. R esu lts ob tain ed  are given  
in T a b le  V I .
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TABLE VI
M e t h y l p h e n o b a r b it o n e

Added Found Percentage B.P.

0-4200 0-4139 98-57 99-51

0-3785 0-3746 98-97

0-4820 0-4762 98-91

Su m m a r y

1. A  m eth o d  o f  assay o f  P harm acopceial barbiturates an d  their tablets  
is suggested dep en din g u p on  their precipitation as a m ercury co m p o u n d  
with excess o f  a  standard solu tion  o f  m ercuric perchlorate fo llo w ed  by  
determ ination o f  the excess o f  m ercury.

2 . T h e  precipitates ob tained  w ith  the various barbiturates vary in  
solubility  in w ater, b u t it is o n ly  in the case o f  h exob arb iton e  that the 
solubility is sufficient to interfere seriously w ith the assay.

R eferences

1. Mangouri and Milad, Quart. J. Phann. Pharmacol., 1947, 20. 109.
2. Britton, Conductimetric Analysis, 1934, 117.
3. Britton, ibid., 118.

44



A B S T R A C T S -  O F  P A P E R S  P U B L I S H E D  
I N  O T H E R  J O U R N A L S

C H E M I S T R Y

A N A L Y T I C A L

Capsaicin in Oleoresin of Capsicum, Colorimetric Determination of. H.
N o r t h .  (Anal. Chem., 1949,21, 934. Vanillin is used instead of pure 
capsaicin as a standard in the determination which utilises the Folin and 
Denis phosphotungstic-phosphomolybdic acid reagent. The sample of 
oleoresin (approximately 1 g.) is transferred to a separating funnel using 
purified kerosene, sodium chloride dissolved in acetone-water is added and 
the mixture shaken gently. The lower layer is removed and the extraction of 
the oleoresin solution is continued to completion using the same solvent. 
The separated bulked extracts are clarified and filtered and an aliquot 
portion is evaporated to an oily sediment, cooled, and the residue is dis
solved in 0-5 N sodium hydroxide solution. Sodium bicarbonate is added 
and the mixture is extracted with light petroleum which is then shaken with 
0-5 N sodium hydroxide. After washing the light petroleum with water the 
extracts are bulked, made up to volume, and an aliquot taken for the colori
metric determination. This is performed in the normal manner with slight 
modifications. With samples poor in capsaicin, a slight difference in colour 
between the standard solution and the test solution may be seen, because 
traces of colour carried through from the oleoresin have an influence on the 
total colour; this does not. however, interfere with the usefulness of the 
method. For the determination of capsaicin in spice, 5 to 10 gm. dry material 
are extracted with acetone or ether in a Soxhlet apparatus; the extract is then 
tested as before. r . e . s .

Grote’s Reagent for Sulphur Compounds. I. J. M. v a n  S o n s b e e k .  
(■Pharm. Weekbl., 1949, 84, 433.) The preparation of Grote’s reagent may 
be simplified by omitting the bromine, as follows: 2 g. o f hydroxylamine 
hydrochloride is mixed with 7.2 ml. of 4N sodium hydroxide and 25 ml. 
of water, then with 2 g. of sodium nitroprusside. After gas evolution ceases, 
the solution is made up to 100 ml. and filtered. This formula, though some
what less stable owing to the higher alkalinity, does not become turbid 
to the same extent as the original formula. The reaction for the -C=S 
grouping (a blue colour) proceeds best at pH 7, and is apparently due to 
Na3[Fe(CN)5H20] formed by the replacement of the NO in the nitro
prusside by H ,0. In the reaction for the -C-S-H and -C-S-S-C- groupings, 
a purple-red colour is produced in alkaline solution (pH about 10). For 
reliable results in this test it is necessary to add cyanide, which also reduces 
the -C-S-S-C- group to -C-S-H, so that it is not possible to distinguish 
between the latter two groupings. The reagent is therefore inferior to nitro
prusside. With thiopental, neither Grote’s reagent nor nitroprusside gave 
the expected reaction for -C-S-H. On the other hand, at a pH of 4 to 8 
Grote’s reagent gave a fine red colour, which would appear to be a useful 
identification reaction. G . M .

Hexachloro cyclohexane (Benzene Hexachloride Infra-red Spectro
scopic Analysis of Mixture of Stereoisomerides. L. W. M o r r i s o n .  
(/. Soc. chem. Ind., Lond., 1949, 68, 192.) More than 100 samples 
of mixtures of the stereoisomers can be analysed per week, the results
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being accurate to within 0-5 to 2-5 per cent, of the correct result,
by means of infra-red spectroscopy. The a, f> and 8 isomers
are determined from a spectrogram of a solution of the sample in
methyl acetate, and the y isomer from that of a solution in
nitromethane between 800 cm.-1 and 900 cm.-1. Absorption measurements 
are made at 745 cm.'1 (p), 762 cm.-1 (a) and 772 cm.'1, (6) on the methyl 
acetate trace and at 845 cm.'1 (y) on the nitromethane trace. A  number of 
minor constituents occur in varying proportions in different samples, and 
consist of heptachlorocyc/ohexanes, octachlorocyc/ohexanes, p-dichloro- 
benzene, and g-hexachlorocyc/ohexane; the absorption bands of certain of 
these are listed. G. R . k .

M ercuric Chloride Tablets, Determination o f. N . S i l v e s t r i .  (Boll, 
chim.-jarm., 1949, 88, 205.) The following is a quick and easy way of testing 
mercuric chloride tablets. Put one 2 g. or two 1 g. tablets, previously 
powdered, in a graduated 100 ml. flask and add 40 to 45 ml. of cold water. 
Without mixing add 50 ml. of 0-2 N sodium hydroxide, shake and make up 
to 100 ml. After a few minutes shake again and filter through a dense 
double filter. Reject the first 30 to 35 ml. which are turbid, measure 50 ml. 
of the clear filtrate and titrate the excess of sodium hydroxide with 0-2 N 
hydrochloric acid in the presence of methyl orange. The method is accurate 
to 0T per cent. It can also be used for pure mercuric chloride using 1 g. 
with 1 g. of sodium chloride. Heavy metals which would react with sodium 
hydroxide must be absent. h . d .

Potassium Iodide in Tincture o f  Iodine, Determination o f. P. M e s n a r d .  
(Bull. Soc. Pharm. Bordeaux, 1949, 87, 40.) By the following method, both 
iodine and potassium iodide may be determined in the same sample of 
tincture of iodine, using a single standard solution: 2.5 g. of the tincture 
is titrated with 0T N arsenious acid in presence of sodium bicarbonate and 
starch. The mixture is then treated with 5 ml. of a 5 per cent, solution of 
potassium iodate and 2 ml. of 20 per cent, sulphuric acid. The acidity is 
neutralised by the addition of 20 ml. of 20 per cent, solution of sodium 
bicarbonate, and it is again titrated. Five sixths of the last titration corre
sponds to the total iodine, and deduction o f the first titration gives the 
amount of iodine corresponding to the iodide in the tincture. g . m .

Starch and Cellulose, Determination o f, w'th Anthrone. F. J. V i 1 e s J r„ 
and L. S i 1 v e r m a n. (Anal. Chem., 1949, 21, 950.) A  solution of anthrone 
(0-05 to 0-20 per cent.) in concentrated sulphuric acid was added to an 
aqueous solution or suspension of the carbohydrate to be determined and 
mixed immediately; under controlled conditions the amount of green colour 
produced was found to be proportional to the carbohydrate content. Heat 
was produced on mixing the acid and water and was necessary to the reaction. 
The colour produced in this reaction was measured spectrophotometrically 
and variations in the age of the anthrone reagent, in the water content, in the 
anthrone concentration, in the age of the colour, and in the nature o f the 
carbohydrate were studied. Although the spectrum transmittance curve shape 
was altered by these factors, the maximum of the absorption band remained 
at 625 mg. Investigations into the effect of heat upon the reaction showed 
that consistent readings were obtained after 10 minutes of air cooling. 
Maximum colour development occurred with rapid cooling, and in hot water 
immersion tests the colour rapidly deteriorated. The colour produced in 
the reaction was found to be stable for from 5 minutes to 3 hours, after 
which slight fading occurred. Maximum sensitivity occurred with 0T6 per

46



CHEMISTRY—ANALYTICAL

cent, anthrone solution, although 0-1 per cent, solution was found to be the 
most satisfactory for the reaction; this solution, however, deteriorated on 
storage. Since the reagent was unstable the use of a single standard curve 
was not practicable and in order to obtain accurate results one or more 
known standards are required for each group of analyses. Details of the final 
method chosen are given. r . e . s .

Thiocyanate, Titration of. E. W . H a m m o c k , D .  B e a v o n  and E. H. 
S w i f t .  {Anal. Chem., 1949, 21, 970.) Values obtained using the iodine 
monochloride method for the determination of thiocyanate in acid solutions 
were found to be erratic and an investigation was undertaken into the causes 
of these variations. It was found that direct titration of soluble thiocyanates 
with iodate in hydrochloric acid solution to the iodine monochloride end
point, resulted in less than the stoichiometric volume of iodate being used 
owing to partial decomposition of the thiocyanate before oxidation. Experi
ments showed that by previous addition to the acid of approximately four- 
tenths the equivalent amount of iodine monochloride required for the oxida
tion of the thiocyanate the error is considerably decreased, provided that the 
initial acid is not too concentrated and that the mixture is not allowed to 
stand. Slowly reacting products of the acid decomposition of the thiocyanate, 
rather than atmospheric oxygen, were largely responsible for the error, as 
indicated by the dependence of the error on the time of standing especially 
in the more concentrated acid, and by the fact that titrated solutions showed a 
return of end-point on standing; in several cases solutions that had stood for 
several days and were then retitrated gave substantially correct titrations. A 
procedure was adopted therefore in which iodine monochloride was added to 
the hydrochloric acid before addition of the thiocyanate; a series of titrations 
were then made with iodate, permanganate and ceric sulphate solutions. It 
was found that quantitative determinations could be made by using this 
procedure and titrating with iodate; the titration was not quantitative how
ever under similar conditions with permanganate or ceric sulphate, as nega
tive errors resulted. r . e . s .

Thyroxine, Polarographic Determination of. E. T. B o r r o w s ,  B. A. 
H e m s  and J. E. Page .  (/. chem. Soc., 1949, Supp. 1. S204.) 
Methods hitherto proposed for the determination of thyroxine are 
discussed. The polarographic behaviour of 23 aromatic iodo-
compounds has been examined and the conditions for the hydro
lysis of iodinated casein has been studied, in consequence of which 
it has been found possible to detect 01 per cent, of thyroxine in 1-0 g. of 
iodinated protein polarographically. The polarographic method has the 
advantage that it can differentiate between thyroxine and 3: 5-di-iodotyrosine 
and does not depend on the non-extraction of di-iodotyrosine by «-butyl 
alcohol. It is shown that chemical methods for the determination of thyroxine 
based on Leland and Foster’s butyl alcohol extraction procedure (/. hiol. 
Chem., 1932, 95, 165) give high results. The procedure recommended for 
determination of thyroxine in iodinated casein containing large amounts of 
di-iodotyrosine is as follows. Hydrolyse 1-0 g. of iodinated casein (containing 
about 5 mg. of thyroxine) by heating for 6 hours with 100 ml. of barium 
hydroxide solution (40 per cent.) added in 10 ml. portions. Cool, adjust the 
pH to 3-5 with dilute hydrochloric acid and extract with 50-ml. followed by 
2 25-ml. quantities of «-butyl alcohol. Wash the butyl alcohol extract with 
2 50-ml. quantities of a solution containing T6 per cent, of sodium hydroxide 
and 5 per cent, of sodium bicarbonate and evaporate to dryness under reduced
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pressure. Dissolve the residue in 10 ml. of N sodium carbonate, transfer 
to a 20-ml. graduated flask, add 2-0 ml. of tetramethylammonium bromide 
solution (10 per cent.) and 4-0 ml of isopropyl alcohol and make up to 20 ml. 
with distilled water. Polarograph a 3-0 ml. oxygen-free portion of the final 
solution over the potential range of —0-6 to —2 0 volts. Measure 
the height in microamps of the first thyroxine step and of the 
combined thyroxine and di-iodotyrosine steps. Calibration curves of the 
diffusion currents obtained with thyroxine and di-iodotyrosine are shown in 
the paper. f . h ,

FIXED OILS, FATS AND W AXES
Bacury (Platonia insignis) Seed Fat, Com ponent Glycerides o f . T . P.

H i 1 d i t c h and S. P. P a t h a k. (/. chem. Soc., 1949, Supp. 1, S.87.) The 
seed fat of Platonia insignis, Mart, (family Gutterifene), is a yellowish solid 
becoming completely liquid at 51° to 52-5°C. After removal of free fatty 
acid (about 5 per cent.) the neutral fat was resolved into three groups by 
systematic crystallisation from ether and the component acids in each group 
were determined by ester fractionation. It was found that the chief compo
nent acids were palmitic (55 per cent.) and oleic (32 per cent.) with smaller 
proportions of stearic (6 per cent.) and hexadecenoic (3 per cent.) with 
probably traces of myristic, arachidic and linoleic acids. In spite of a total 
molar content of 35 per cent, o f unsaturated acids, the fat contained over 20 
per cent, of trisaturated glycerides (largely tripalmitin) thus causing it to 
comprise with the seed fats of Laurus nobilis and Myristical malabarica the 
only known exceptions to the “ rule of even (or widest) distribution ” of 
acyl groups amongst the glycerol molecules of a fat. A possible explanation 
is suggested for the departure in bacury fat from the generalisation followed 
in most seed fats that trisaturated glycerides are not encountered in appre
ciable amounts unless their content of oleic (or other unsaturated) acid is 
insufficient to provide one acyl group in each triglyceride molecule.

F . H .

Ergot, Oil o f, Unsaponifiable matter o f. E. R u p p o 1. (7. Pharm. Belg.,
1949, 4, 55.) Although a large number of constituents have been reported 
in the unsaponifiable matter of ergot, many of these have not been 
characterised with sufficient certainty. The author treated 6g. of the 
unsaponifiable matter, from which most of the sterols had been removed, 
by chromatography on alumina. The products identified were cerevisterol, 
cerebrin, the “ sterol C ” of Vandermeulen (identified as dehydroergosterol), 
and another substance, which was apparently stigmasterol but was not identi
fied with certainty. Questions which require further investigation are: 
complete analysis of cerebrin and its decomposition products; examination 
of the volatile oil; identity of the higher alcohols; constancy of composition 
of the sterol fraction. G. M.

GLYCOSIDES, FERMENTS AN D  CARBOHYDRATES
Digitalinum Verum, Isolation of, from D. purpurea  and D. lanata. K. Mohr 

and T. R e i c h s t e i n .  (Pharm. Acta Helvet., 1949, 24, 246.) Digitalinum 
verum has till now been isolated only from the seeds o f D. purpurea, o f which 
it forms the main glycoside, and it has not been obtained crystalline. As no 
good method o f preparation appears to be on record, the authors used the 
following process. The finely powdered seeds were defatted with light petroleum, 
and then extracted with hot alcohol (50 per cent.) until all bitter tasting substance
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was removed. The extract was purified with lead hydroxide in the usual way, 
freed from alcohol in vacuo, and purified by shaking with ether and also with 
chloroform (chloroform treatment is desirable, but sometimes impracticable 
on account o f emulsion formation). Digitonin was then removed by treatment 
with cholesterol, and after removal o f the excess o f cholesterol, the glycoside 
mixture was acetylated to form the hexa-acetate o f digitalinum verum. This 
may be obtained crystalline from a mixture o f benzene and ether. From 
500 g. o f seeds, T5 g. o f the acetate was obtained. The acetate, like that of 
gitoxigenin, easily loses acetic acid when chromatographed on alumina. Careful 
saponification with potassium bicarbonate in aqueous methyl alcohol gives the 
free digitalinum verum in a crystalline state. With D. lanata, which contains 
more digitonin than D. purpurea, the digitonin should first be removed before 
the shaking out, by extraction with choloroform-alcohol. The yield in this 
case was 0-564 g. o f pure hexa-acetate from 900 g. o f seeds. g . m .

M aize Starch, W axy, Am ylose Com ponent of. E. J. B o u r n e  and
S. Pea t .  (J. chem. Soc., 1949, 5.) A  sample of waxy maize starch was 
defatted by treatment with aqueous methyl alcohol and dioxan and then 
submitted to the action of hot aqueous acid, when it was converted completely 
into glucose. Hydrolysis using /?-amylose (from soya bean) however, ceased 
at a conversion limit (to maltose) of 49 per cent. The blue-value of the starch 
was 0-10 compared with average values of 1-10 and 0-22 found respectively 
for amylose and amylopectin isolated from potato starch by the thymol 
method. The lower staining power of waxy maize starch relative to potato 
amylopectin is emphasised by the light absorption curves of their iodine 
complexes. Attempts to fractionate waxy maize starch using the amylose- 
precipitants thymol or cyclohexanol produced a small fraction (3 to 5 per 
cent.) which had blue-values of 0-17 and 0-14, and a limiting conversion into 
maltose of 51 per cent, and 49 per cent, respectively, thus yielding some 
indication that these fractions were enriched in amylose although the light 
absorption curves for these fractions were of amylopectin character. 
Fractionation using the aluminium hydroxide precipitation method wielded 
among others a fraction with a blue-value of 0-40 and a limit of /3-amylose 
conversion of 59 per cent, and obviously similar in composition to potato 
starch. The properties of fractions isolated by this and other procedures 
are consistent with the view that this starch does contain the largely un
branched component amylose to the extent, however, of less than 2 per cent. 
The recent work of Pascu and Hillier (Text. Research J., 1946, 16, 243) is 
discussed although the authors do not depart from the view that amylose is 
a pre-formed component of the starches, including that of maize search.

R. E. s.
Potato Starch, Fractionation of, by  means o f  Aluminium Hydroxide.

E. J. B o u r n e ,  G. H. D o n n i s o n ,  S. P e a l  and W. J. W h e l a n .  
(/. chem. Soc., 1949, 1.) Aqueous dispersions of potato starch (3 per cent.) 
were treated with varying amounts of hydrated aluminium sulphate (ranging 
from 0-3 g./g. of starch to 4-0 g./g. of starch) followed by a slight excess 
of afnmonia. In each case a portion of the starch was not adsorbed and 
could be recovered from the supernatant liquid by precipitation with alcohol. 
This fraction, representing 1-2 to 10-3 per cent, of the starch, invariably had 
a higher blue value (varying from 1-11 to 1-36 in 6 experiments), than that of 
thymol-amylose. Exhaustive extraction of the aluminium hydroxide with 
boiling water gave fractions some of which consisted mainly of amylose, while 
others contained a large proportion of amylopectin. When the precipitate
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remaining after exhaustive aqueous extraction had been redissolved in dilute 
alkali, neutralised, and dialysed to remove inorganic material, an amylopectin 
fraction was recovered by precipitation with alcohol which stained red-purple 
with iodine, and had blue value 0T8 to 0-22, comparable with that o f 
an average amylopectin fraction separated from  potato starch by the thymol 
method. The aluminium hydroxide method was tried for  the separation of 
amylose fractions o f  high blue value as it was no convenient as the thymol 
method for the routine isolation o f  the amylopectin o f  starch. A  number o f 
factors, namely the temperature o f  precipitation and o f  “  ageing ”  o f  the 
hydroxide, the time o f  “  ageing ’ ’ o f  the hydroxide, and the mode o f  prepara
tion o f  the starch paste were examined with regard to their influence on the 
purity o f  the amylose fraction. A  group o f  separations conducted on por
tions o f  the same starch paste, showed that when the aluminium hydroxide 
was both precipitated and “  aged ”  at 30°C. the amylose fraction had a 
higher blue-value (T03) than that obtained when the temperatures o f  precipi
tation and “ ageing”  were 30°C. and 14°C. respectively, or when both 
operations were carried out at 14°C. The time o f  “  ageing ”  played an 
important part in the fractionation, as shown by separations in which the 
starch-aluminium hydroxide suspension was kept at 15°C. and aliquot portions 
were removed at intervals for the isolation o f the amylose fraction; the blue- 
value o f  the product was 1-01 when no “  ageing ”  occurred, although it rose 
to a maximum o f  T27 after “  ageing ”  o f  the hydroxide suspension for 3 days, 
and diminished slightly to T22 after 7 days. “  Ageing ”  at a higher tempera
ture (30°C.) for  3 days considerably raised the blue value o f the product. 
When a 3 per cent, paste was stirred at 100°C. and portions removed at 
intervals for aluminium treatment, the amylose fraction with maximum 
blue-value was isolated from  the paste which had been boiled for 1 hour. 
Details are given o f a method which was worked out for the isolation o f 
amylose using aluminium nitrate; samples o f  amylose isolated by this 
technique were consistently o f  high blue value f 1 -35 to T40). The yield was 
somewhat variable (6 to 13 per cent.) and was always lower than the usual 
yield (ca . 20 per cent.) obtained with organic précipitants, presumably due 
to the difficulty o f  separating completely the amylose solution from  the 
aluminium hydroxide gel. The light absorption curves o f  the polysaccharide- 
iodine complexes o f  a number o f “  amylose ”  fractions obtained are given: 
they confirm that adsorption on aluminium hydroxide effects a true fraction
ation o f the starch. r . e . s .

O R G A N I C  C H E M I S T R Y

Dramamine, Chemistry o f. J. W . C u s i c .  (Science, 1949, 109, 574.) 
Attempts have been made, unsuccessfully, to obtain chemical compounds o f 
antihistamines with methylxanthines. The methylxanthines do not form  
stable salts because o f  their low  ionisation constants. 8-chlorotheophyllin 
does form  stable salts and is used to prepare dramamine (p-dimethylamino- 
ethyl benzohydryl ether 8-chlorotheophyllinate). A  slight excess o f  the base 
is dissolved with the 8-chlorotheophyllinate in hot methyl ethyl ketone or 
ethyl alcohol. On cooling, an almost quantitative yield o f  salt is obtained 
with m.pt. 101° to 103°C.; empirical formula C 24H 30O 3N 5Cl. Found: Cl.,
7-45, 7-46 and 7-51 per cent.: Basic N , 2-98, 2-98 per cent.; 8-chlorotheophyl- 
line 45-65, 45-62 per cent.; C 24H 30O 3N 5Cl requires Cl, 7-55 per cent.; Basic 
N, 2-98 per cent.; 8-chlorotheophyllin, 45-67 per cent. a . d . o .

Fluorescent Compound from Adrenaline, Structure of. I. E h r 1 è n. {Farm, 
Revy., 1949,48,485.) The formation o f  a fluorescent com pound from adrenaline
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via adrenochrome, has been used by the author for the fluorimetric determination 
o f adrenaline. A polarographic study o f the transformation o f adrenochrome 
into the fluorescent compound indicated that the spontaneous transformation 
o f adrenochrome in neutral or alkaline solutions was a intramolecular re
arrangement with formation o f an o-dihydroxy compound. The secondary 
cathodic wave, ascribed by Wiesner to reaction with an added reducing sub
stance, also occurs in the absence o f the latter, and is probably due to the 
conversion o f an enol into a ketone. The fluorescent compound is probably
l-methyl-3-oxo-5 : 6-dihydroxy-2 : 3-dihydroindol. Actually indoxyl itself 
shows a resemblance to the fluorescent compound. Although the latter is 
insoluble in ether, it can be extracted from an aqueous solution at pH 4 by 
shaking with ether containing some alcohol. The spectrum of such a solution 
showed 4 maxima at respectively 232-0, 258-0, 294-0 and 415-0 mp. g . m .

Thyroxine and Related Substances, Synthesis of. E. T. B o r r o w  s, 
J. C. C l a y t o n  and B. A. H e m s .  ( / .  chem. Soc., 1949, Supp. 1, S 185.) 
DL-Tyrosine has been synthesised in 55 per cent, overall yield by condensation 
at 160°C. of p-hydroxybenzaldehyde with hydantoin using morpholine as 
catalyst, reduction of the p-hydroxybenzylidene-hydantoin quantitatively in 
alcohol with Raney nickel at 130°C. under 60 atmospheres pressure of 
hydrogen, and hydrolysis of the resultant p-hydroxybenzyl hydantoin on 
refluxing with 2 N sodium hydroxide solution, dl-3 : 5-Di-iodotyrosine was 
obtained in 86 per cent, yield on iodinating tyrosine in ho: dilute hydrochloric 
acid with a solution of iodine monochloride in concentrated hydrochloric 
acid. The attempted iodination of thyronine and related diphenyl ethers 
are described and discussed, and contrary to a previous report it has been 
found possible to tetrazotise 2 :6-diaminodiphenyl ethers and to replace the 
diazo-groups by iodine atoms. This reaction has been used to develop an 
alternative synthesis o f thyroxine. Condensation of methyl 4-chloro-3 : 5-di- 
nitrobenzoate with quinol monomethyl ether in the presence of potassium 
hydroxide at 150°C., gave in good yield the dinitromethoxyphenoxy benzoate 
which was reduced to the diamine catalytically using palladised charcoal. 
Tetrazotisation was achieved when a solution of the diamine in glacial acetic 
acid was run into a cold stirred solution of nitrosyl-sulphuric acid in concen
trated sulphuric acid and on decomposition by aqueous potassium iodide 
solution yielded 3 :5-di-iodo-4-(4'-methoxyphenoxy)benzoic acid This 
was converted to the acid chloride with thionyl chloride and thence to the 
hydrazide by heating with hydrazine hydrate in methyl alcohol. The toluene- 
p-sulphonyl derivative was formed with toluene-p-sulphonyl chloride in dry 
pyridine and on heating for 30 seconds in ethylene glycol with sodium car
bonate gave the crude aldehyde which on condensation with hippuric acid 
gave 2-phenyl-4-[3': 5'-di-iodo-4'-(4"-methoxyphenoxy)benzylidene] oxazol-5- 
one identical with the oxazolone obtained by Harington and Barger in their 
synthesis of thyroxine. f . h .

Thyroxine, Synthesis from 2:6-Dinitrophenyl Ethers. E. T. B o r r o w  s, 
J. C. C l a y t o n  and B. A. H e m s .  (/. chem. Soc., 1949, Supp. 1. 
S 199.) Thyroxine has been synthesised in 14 per cent overall yield from 
p-hydroxybenzaldehyde in the following manner. 5-(4'-Hydroxybenzyl)- 
hydantoin, obtained on condensation o f hydantoin with p-hydroxybenzalde- 
hyde in the presence of morpholine and catalytic reduction of the product 
using Raney nickel, gave 5-(3': 5,-dinitro-4,-hydroxybenzyl)hydantoin in 83 
per cent, yield when added in portions to concentrated nitric acid at 25° to 
30°C., this temperature being maintained for 2 hours. This was converted
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to its toluene p-sulphonyl ester in dilute alkaline solution and on then heating 
with quinol monomethyl ether in pyridine gave 5-(3': 5'-dinitro-4'-p-methoxy- 
phenoxybenzyl)hydantoin which was reduced catalytically at elevated 
temperature in an autoclave to the diamine. In acetic acid of phosphoric 
acid the freshly prepared diamine added to a cooled stirred solution of 
nitrosylsulphuric acid in concentrated sulphuric acid gave a solution of the 
tetrazonium compound which on drop by drop addition to a solution of 
potassium tri-iodide gave 5-(3': 5'-di-iodo-4'-p-methoxyphenoxybenzyl)- 
hydantoin. This was best demethylated by refluxing gently with hydriodic 
acid (57 per cent.) and glacial acetic acid and on hydrolysis by heating in 
stainless steel with 2N-sodium hydroxide solution for 15 hours 3 :5-di- 
iodothyronine was obtained. lodination to thyroxine was accomplished in 
concentrated ammonia using drop by drop addition of a solution of iodine in 
potassium iodide. f . h .

B I O C H E M I S T R Y

G E N E R A L  B I O C H E M I S T R Y

Adrenaline, Separation o f  nor-Adrenaline from  Natural. B. F. T u 11 a r.
(Science, 1949, 109, 536.) Paper chromatography studies have shown that 
crystalline epinephrine U.S.P. derived from adrenal glands contains appre
ciable quantities of Z-arterenol («or-adrenaline) and direct chemical evidence 
has therefore been sought in support of the physiological observations that the 
adrenal medulla may elaborate more than one hormone having adrenaline
like properties. Examination of commercial samples of natural adrenaline 
and also of a sample from the bulk stock of U.S.P. Reference Standard 
epinephrine has led to the isolation from them of /-«or-adrenaline. l-nor- 
adrenaline, /-bitartrate (m.pt. 163" to 164°C, [a]Ps.n -40-2°) and /-«or- 
adrenaline d-bitartrate (m.pt, 101° to 102°C. [a]^ 0 -12°)and /-«or-adrenaline 
hydrochloride (m.pt. 147-5° to 148-5°C., [a]|,5°c - -3 9-8°) were prepared from the 
samples of natural adrenaline and identified with the corresponding salts 
prepared from synthetic /-«or-adrenaline. It is confirmed that natural 
adrenaline contains appreciable quantities of /-«or-adrenaline and the isola
tion of the latter in chemically pure form from biological material furnishes 
the final step of proof in establishing its hormonal nature. f . h .

nor-Adrenaline in Adrenal Medullary Tumours. P. H o l t o n .  
(Nature, 1949, 163, 217.) An acid extract of a portion of human suprarenal 
tumour, found histologically to be a typical phseochromocytoma consisting 
of chromaffin tissue, has been shown to contain both adrenaline and «or- 
adrenaline. Using the rat’s uterus and the frog’s perfused heart, which have 
been shown to be insensitive to «or-adrenaline, each ml. of the extract was 
found to be equivalent to 0-37 mg. of adrenaline. When tested on the rabbit’s 
duodenum and the spinal cat’s blood pressure, which are approximately 
equally sensitive to adrenaline and «or-adrenaline, the extract was found to 
be equivalent to 1 mg. of adrenaline. It was therefore concluded that each 
g. of tumour contained 3-7 mg. of /-adrenaline and 6-3 mg. of «or-adrenaline. 
The presence of both amines was confirmed by tests with polyphenolase, a 
mixture o f the extract and enzyme on incubation giving a brown colour 
typical of «or-adrenaline during 10 minutes changing after 20 minutes to a 
rose-pink colour typical of adrenaline. By paper chromatography, using 
phenol as solvent and identifying the spots by spraying with potassium ferri- 
cyanide, adrenaline and nor-adrenaline were separated from the extract. Two
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other adrenal medullary tumours examined, contained 5-3 mg. of /-nor
adrenaline and 0-32 mg. of 1-adrenaline, and 5-5 mg. of /-nor-adrenaline and
0- 37 mg. of /-adrenaline respectively per g. of tumour. It is suggested that
since nor-adrenaline has slightly greater pressor activity than adrenaline, the 
attacks of high blood pressure caused by the tumours were probably mainly 
due to nor-adrenaline. F. h .

/-nor-Adrenaline in the Suprarenal Medulla. U. S. v o n  E u l e r  and
U. H a m  b e r g .  (Nature, 1949, 163, 642.) The demonstration that nor
adrenaline constitutes the specific neurohormone (sympathin N) of adrenergic 
nerve fibres has directed attention to the occurrence of this substance in 
biological material. Suprarenal glands from cattle were extracted with 
trichloracetic acid (5 per cent.) and the acid removed with ether. The extracts 
were examined for the presence of nor-adrenaline, chemically, biologically 
and by paper chromatography. It has been shown that the rates of formation 
of adrenochrome and of nor-adrenochrome on oxidation of the parent amines 
with iodine depends on the pH. At pH 4 and an oxidation time of 1̂  minutes 
the formation of adrenochrome is complete whereas only about 7 per cent, 
of the nor-adrenaline is then oxidised. At pH 6 an oxidation time of 3 
minutes gives the sum of adrenochrome and nor-adrenochrome. Although 
the colorimetric method does not differentiate between dl- and l-nor-adrena
line, the results obtained agreed well with those obtained from comparison 
of the effect of extracts on the blood pressure of the cat with those of mixtures 
o f adrenaline and nor-adrenaline, samples of extracts of whole glands con
taining the equivalent of 0-48 to 0-70 pg. of nor-adrenaline hydrochloride and
1- 80 to 2-16 pg. of adrenaline hydrochloride per mg. of fresh tissue and a
sample of adrenal medulla containing the equivalent of 2-68 pg. of nor
adrenaline hydrochloride and 11-3 pg. of adrenaline hydrochloride per mg. 
o f fresh tissue. Paper chromatography using n-butyl alcohol saturated with 
N /l  hydrochloric acid as solvent gave a close correspondence between the 
migration of a suprarenal gland extract purified by adsorption to alumina 
and a mixture of nor-adrenaline and adrenaline. The results showed that the 
normal suprarenal gland from cattle contains l-nor-adrenaline in appreciable 
amounts as previously shown for adrenergic nerves and support Blaschko's 
concept (7. Physiol. 1942, 101, 337) of adrenaline formation in the chromaffin 
cells. F. H.

Aureomycin and Blood Coagulation. D. I. M a c h t  and R. F a r k a s .
{Science, 1949, 110, 305.) Experiments were made on rabbits and cats, and 
clinical tests were made on patients who had not received any previous medi
cation. In all the experiments the drug was administered by stomach and the 
clotting time measured before administration and at various intervals after
wards. In both rabbits and cats the clotting time after administration o f aureo
mycin showed a progressive diminution. This finding was confirmed in 14 
human subjects following administration o f one or two capsules o f aureomycin 
o f 250 mg. each, the usual clinical dosage. Tests made on both human subjects 
and lower animals revealed no difference in prothrombin time, thus indicating 
that the diminution in clotting time is due to other factors involved in blood 
coagulation. The authors suggest that in order to avoid the possibility of 
thrombo-embolic accidents during antibiotic therapy prophylactic measures by 
the use o f anticoagulant drugs may be instituted. s. l . w .

Chloramphenicol (Chloromycetin), Enzymatic Hydrolysis of. G. N. S m i t h,
C. S. W o r r e 1, and B. L. L i 11 i g r e n. (Science. 1949. 110, 297.) In an
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initial series of experiments with E. coli, P. vulgaris and B. subtilis it was found 
that chloramphenicol could be hydrolysed when introduced into actively 
growing broth cultures o f these organisms. Subsequent experiments showed
P. vulgaris and B. subtilis to be the best sources o f the enzyme. Filtrates from 
cultures 2 to 4 weeks old actively destroyed chloramphenicol and a fairly active 
nreparation of the enzyme could be obtained by concentration o f the filtrate. 
The action o f this enzyme, which has been tentatively designated enzyme A, 
is to hydrolyse the amide linkage o f chloramphenicol and thus liberate the 
corresponding basic amine and dichloroacetic acid. The optimum conditions 
for the enzymatic hydrolysis have been found to be pH 7-5 and a temperature 
o f 37-5 to 40-0°C. The rate o f enzymatic hydrolysis increases with substrate 
concentration up to 2 mg./ml. One unit o f enzyme activity has been arbitrarily 
chosen as that amount of the enzyme which will hydrolyse lpg. o f chloram
phenicol in 1 hour at pH 7-5 and 37-5°C. The enzyme is probably very similar 
to other proteolytic enzymes that have been isolated from bacterial cells. It 
is neither a true papain nor a trypsin though it is probably more closely allied 
to the former group o f enzymes than to the latter. s. l . w .

B I O C H E M I C A L  A N A L Y S I S

Bacitracin, Assay of. G. D. D a r k e r ,  H. B. B r o w n ,  H. F r e e ,  B. 
B i r o  and J. T. G o o r 1 e y. (J. Amer. pharm. Ass., Sci. Ed., 1948, 37, 156.) 
Two methods for assaying bacitracin, an antibiotic produced by an organism 
of the Bacillus subtilis group, are described. The turbidimetric assay is rapid, 
sensitive for samples containing from 0-2 to 0-8 units per ml., and shows an 
accuracy of ± 20 per cent. Strictly aseptic technique is not necessary. 
Staphylococcus aureus grown on Bacto-yeast broth is incubated with various 
dilutions of the sample and with a standard solution for 4-J hours at 38 °C., 
when growth is stopped by steaming. The turbidity is determined in a 
Soleman Universal Spectrophotometer at 600 mp wavelength. The amount 
of antibiotic activity, as measured by the turbidity, is given by the difference 
between the growth obtained in the bacitracin sample and that obtained with 
the organism alone. This is compared with the inhibition produced by the 
standard bacitracin solution. The second method, the cylinder-plate method, 
is suitable for solutions containing from T5 to 8 units of bacitracin per ml., 
and has an accuracy of ± 15 per cent. The procedure is the same as for 
penicillin, except that the inoculated plates with the cylinders holding the 
test-solutions should be kept at 4°C. for 6 to 10 hours before incubation, to 
allow for the slower diffusion rate of bacitracin. Methods for establishing 
standard curves and charts for the cylinder-plate assay are described.

L. H. P.

Penicillin. Report of the Analysts’ Sub-Committee of the Ministry 
of Health Conference on the Differential Assay of Penicillin. Part I. 
The Determination of Benzyl Penicillin by Precipitation with N-Ethyl- 
piperidine. (Analyst, 1949, 74, 79.) The method was that of S h e e h a n ,  
M a d e r  and C r a m  (J. Amer. Chem. Soc., 1946, 68, 2407) and the Food 
and Drug Administration of the United States, depending on the extraction 
of an acidified aqueous solution of the penicillin salt with amyl acetate 
and subsequent precipitation of the N-ethylpiperidinium salt from a mixture 
of amyl acetate and acetone. Details are given of the reagents and the tests 
for limits of impurities, together with the exact procedure to be adopted. 
Two standards were used, one the “ M.U. Standard ”  or Manufacturers’
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Ultimate Standard, and the “  A.S.C. Standard " or Analysts’ Sub-Committee 
Standard. After collaborative determinations it was found that, assuming 
the purity of the M.U. Standard to be 100 per cent. 98-6 per cent, recovery 
was obtained in the process; accordingly as the (weighted) mean assay 
result for the A.S.C. Standard was 961 per cent., after correction on a
98-6 per cent, recovery basis it was assigned a sodium benzyl penicillin 
content of 97-5 per cent. Results produced in microchromatographic 
examinations showed that the precipitation procedure gave a precipitate, 
which except with the already pure M.U. Standard, was not composed of 
the N-ethyl-piperidinium salt of pure benzyl penicillin; in the range 90 to 
100 per cent, o f benzyl penicillin, there was some agreement between the 
calculated benzyl penicillin content of the samples examined and the amount 
determined by the proposed method, indicating a possible compensation of 
errors. The Sub-Committee recommended that the procedure described 
be used as a tentative method in the examination of samples of penicillin 
consisting substantially of benzyl penicillin. In view of the appreciable 
error to which the method is subject and the number of variable factors, it 
was considered desirable that a standard penicillin should be assayed along
side the test sample and a correction applied equal to the difference between 
the benzyl penicillin content found for this standard and its actual value. 
The Sub-Committee, with the approval of the Ministry of Health, has 
standardised a quantity of sodium benzyl penicillin designated the “ Benzyl 
Penicillin Gravimetric Standard ”  to which a value of 95-8 per cent, sodium 
benzyl penicillin has been assigned. r . e . s .

Streptomycin, Colorim etric Determination o f, in Urine. M. J. 
M a s q u e 1 i e r. (Bull. Soc. Pharm. Bordeaux, 1949, 87, 53.) By treatment 
with acetylacetone, the methylglucosamine of streptomycin is converted into 
pyrrole derivatives which give a red colour with Ehrlich reagent. 1 ml. of 
solution, containing 100 to 500 pg. of streptomycin, is heated for 10 minutes 
on the water-bath with 1 ml. of a 2 per cent, aqueous solution of acetyl
acetone and 2 drops of sodium hydroxide. After cooling, there are added 
2 ml. of alcohol (95 per cent.) and 2 ml. of a solution of 0.8 g. of p-dimethyl- 
aminobenzaldehyde in 30 ml. of alcohol (95 per cent.) and 30 ml. of hydro
chloric acid. In order to allow for indole derivatives, etc., in the urine, 
another portion of the solution is treated similarly, but emitting the acetyl
acetone. The colour is compared with that obained with a standard solution 
of streptomycin. It is sometimes of advantage to treat the urine first with 
one tenth of its volume of basic lead acetate solution, removing excess of 
lead with sodium sulphate. The streptomycin passes into the filtrate and 
gives a purer colour. The concentration of streptomycin in the urine, after 
the administration of 1.5 g. in 24 hours, is generally about 100 to 500 pg. 
per ml. G. M.

Trichloroethylene in Blood, Estimation o f. F. H. B r a i n  and P. J. 
H e 11 i w e 11. (Biochem. J., 1949, 45, 75.) New conditions are described 
for the quantitative production of the coloured compound from trichloro
ethylene and pyridine in the presence of alkali. The sample of blood is steam- 
distilled and collected in anisole. the anisole solution of trichloroethylene 
being added to dry, colourless, redistilled pyridine. The mixture is stirred 
mechanically for 10 minutes while being heated in a boiling water-bath: 
tetra-ethylammonium hydroxide is then added with stirring, and after cooling 
the two layers separated. The upper pyridine layer is removed by a pipette 
and delivered into an absorptiometer cell containing sodium hydroxide solu-
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tion. The colour is measured immediately using a Spekker photoelectric 
absorptiometer with an Ilford spectrum blue-green filter No. 603. The colour 
began to fade in subdued light after 20 minutes; the absorptiometer was cali
brated with standard solutions of trichloroethylene in anisole. Details are 
given of an efficient apparatus for the absorption of the trichloroethylene 
steam-distilled from blood. The addition of tetraethylammonium hydroxide 
was necessary owing to the sensitivity of the coloured material to carbon 
dioxide. The amount of alkali in the pyridine-anisole layer was so much 
reduced by the use o f 10M sodium hydroxide that, in the process of trans
ferring the coloured layer to the absorptiometer cell, sufficient carbon dioxide 
was absorbed to neutralise it. and the blue-red colour which is formed only 
in alkaline solution, changed to a pale yellow. Care was taken to ensure that 
there could be no variation in the amount of water taken up from the alkali 
solution by the pyridine-anisole layer by using always exactly 10M sodium 
hydroxide which had been checked by titration. A  simple procedure for 
colour development was also investigated in which the pyridine-anisole 
solution and alkali were not stirred during heating. This gave reproducible 
absorptiometer readings proportional to the trichloroethylene concentration 
up to about 0-05 mg./5 ml. of anisole, but above this the absorption varied 
considerably from one estimation to another and was always too large to fit 
the proportionality of the lower concentrations. Using the method devised 
the concentration of trichloroethylene on approximately 1 ml. blood samples 
could be estimated to the nearest iig. at concentration levels between 1 and 
12 mg. per 100 ml. r . e. s .

P H A R M A C Y

G A L E N I C A L  P H A R M A C Y

Emulsifying Agents. u-Monostearin and Sodium Stearate. H. H. G.
J e l l  i n ek  and H. A . A n s o n .  (/. Soc. Chem. Ind., 1949, 68, 108.) A  
tensionmeter was devised to- measure interfacial tensions by a capillary height 
method and with the apparatus described a number of systems were studied 
at 70° C. The areas (in Angstrom units) occupied by each molecule at the 
interface were evaluated from the interfacial data obtained for the systems:
(a) water—white oil containing a-monostearin against water; (b) water—white 
oil against water containing sodium stearate; and (c) water—white oil con
taining a-monostearin against water containing sodium stearate. The separa
tion of phases at 70°C. of emulsions of water—white oil and water contain
ing either a-monostearin in the oil or sodium stearate in water or both emul
sifying agents, was studied under controlled conditions, the phase volume 
ratio being kept at 1:1, «-Monostearin was found to give water/oil emulsions 
but the addition of sodium stearate led to the formation of oil/water emul
sions, the amount of sodium stearate necessary to cause the inversion being 
only sli htly dependent on the concentrations of a-monostearin. A special 
apparatus is described for preparing the emulsions, and details are given of 
the methods used for the determination of emulsion type, together with 
micro-photographs and solid phase diagrams. Sodium stearate and a-mono- 
stearin together gave more stable emulsions than equivalent amounts of either 
emulsifying agent. R. e . s .

Injections, Bactericidal Action of. K. A l i n  and N. D i d i n g. (Farm. 
Revy., 1949, 48, 545.) The autobactericidal action of a number o f solutions
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for injection was tested by inoculating such solutions with pure cultures. The 
results are summarised in the table below, which shows the results o f sterility 
tests made 30 days after the inoculation.

Injection Organism

Escherichia Staphylococcus Bacillus
coli aureus subtilis

Ascorbic acid ...........................  ... ........................... _ -
Adrenaline — —
Atropine ........................................ ............... -■
C arba ch o !...............  ... ...........................  ............... H- -r
Dihydromorphinone -i-
Ephedrine ...
Methadone... —
Morphine with scopolamine -f
Nicethamide — —
Oxicone (Eucodal) ... ........................... — J
Papaverine ...........................  ............... +
Pentazol ...............  ............................ ............... -!-
P e th id in e ................................................................  ............... —
Phenemal (phenobarbitone) ............... — -j-
Phenopromine (Amphetamine) ... - —
Picrotoxin ... -r
Prostigmine...............  .................................................... + -
g-Stropbanthin ... ... ...............  ............... .. j .
Sulphur ...............  ...............  ... ............... ...
T e tra p o d i......................................................................................... —

These results show the necessity o f the addition o f bacteriostatic substances 
to solutions dispensed in multiple dose containers. g . m .

Ringer’s Solution, Isotonicity of. J. M i c h a e l s  and K. Mi i nz e l .
(Pharm. Acta Helvet. 1949, 24, 199.) A  comparison of experimentally observed 
depressions o f freezing points, for Ringer's solution prep—according to various 
Pharmacopoeias, showed that only the Swedish formula gave a solution having 
the correct value of 0-55 to 0-57'C, all o f the others being hypotonic. For 
Ringer-Locke solution nearly all the formulae gave the correct depression. 
There appears however to be no justification for a concentration o f calcium 
and potassium different from that of Ringer’s solution, and the following 
formula is recommended : sodium chloride, 8-5 g. ; anhydrous potassium
chloride, 0-3 g. ; calcium chloride 0-3 g . ; glucose, 1-0 g . ; sodium bicarbonate. 
0 5 g. ; water, to 100 ml. The Ringer-lactate solution o f the British 
Pharmacopoeia, 1948, is hypotonic; it may be made isotonic by reducing the 
concentration o f sodium chloride to 0-73 per cent. g . m .

Theophylline Ethylenediamine, Solution of, for Injection. J. B ü c h i and
F. H i p p e n m e y e r .  {Pharm. Acta. Helvet., 1949, 24, 326.) Commercial 
theophylline ethylenediamine shows a considerable variation in the proportion 
o f the two components. In order to determine the optimum proportions for a 
stable solution o f relatively low pH value, a number o f solutions were made up 
with different proportions o f the two components. As a result the following 
two formule were recommended. Strong solution : theophylline (1 H20),
20-60 g. ; ethylenediamine hydrate, 5-630 g. : water, to 100ml. Dilute solu
tion : theophylline (1 H20), 2-06 g. ; ethylenediamine hydrate, 0-510 g. ; 
water, to 100 ml. These solutions contain respectively 126 and 139 per cent, 
o f the amount o f ethylenediamine corresponding to the formula 1 2 C7H80 2N4 
■1C2H8N2.2H20  ; the pH values, after sterilisation, being 9-45 and 9-10. 
They show no tendency to crystallisation, and no appreciable change after 
6 months’ storage. The reaction is less alkaline than that o f most commercial 
preparations. o. m .
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Aureomycin in the Treatment of Late Cutaneous Syphilis. P. A.
O’L e a r y ,  R. R. K i e r l a n d  and W. E. H e r r  el  I. (Proc. Mayo. Clin., 
1949, 24, 302.) Aureomycin administered orally produced healing in 2 
patients with late nodulo-ulcerative lesions of syphilis. The dose was 250 mg. 
every 6 hours for 2 or 3 days, increased to 500 mg. to 1 g. 6-hourly. One 
patient received a total of 56-5 g. and the other a total of 60 g. Nausea, 
vomiting and diarrhoea were the only complications encountered. Encouraged 
by these results the authors have commenced the treatment of patients with 
various types of neurosyphilis with aureomycin administered orally and have 
found that the serologic changes in the cerebrospinal fluid are similar to those 
noted after penicillin. s. l . w .

p a r a -Aminosalicylic Acid Therapy, Complications of. J. M. S w a n s o n. 
(Lancet, 1949, 257, 175.) 5 out of 6 cases of rheumatoid arthritis treated with 
para-aminosalicylic acid developed hypoprothrombinaemia. 15 g. of the drug 
had been given daily in 5 doses at 3-hourly intervals. a . d . o .

Digitalis, Effect of the Rate of Injection on the Lethal Dose in Guinea-pigs.
T.  S. M i y a  and H. G. O. H o i c k .  (J. Amer. pharm. Ass., Sci. Ed., 1949, 
38, 64.) Eighty four male guinea-pigs arranged in seven groups, were 
anaesthetised with urethane and injected with tincture of digitalis U.S.P. 
diluted with normal saline to contain 1 -60, 2-26, 3-20, 4-53, 6 40, 9 05 and
12-80 per cent, of the tincture respectively. The average lethal dose was deter
mined by the U.S.P. method for the assay of digitalis except that the injections 
were made into the jugular instead of the femoral vein. In general the 
average lethal dose increased as the concentration of the tincture decreased 
except that the highest concentration gave a slightly higher lethal dose than the 
next lowest. The end-point was difficult to determine because the respira
tion became irregular some time before the heart beats ceased, and the 
beats became sporadic before finally stopping. Comparison of the results 
with those of other workers suggest that the guinea-pig is less suitable for 
the assay of digitalis than the cat. g . r . k .

Dramamine for the Prevention of Airsickness. B. A. S t r i c k l a n d .  
Jr. and G. L. H a h n .  (Science, 1949, 109, 359.) 108 young men were 
treated with dramamine (¡3-dimethylaminoethyl benzohydryl ether 8-chloro- 
theophyllinate) and then taken on specially controlled flights in an aeroplane. 
100 mg. of the drug was given 25 to 45 minutes before taking off. 31 men 
were airsick and, of a similar number of controls, 60 were sick. a . d . o .

Dramamine in the Prevention and Treatment of Motion Sickness. L. N.
G a y  and P. E. C a r  l i n e r .  (Science, 1949, 109, 359.) Clinical trials of 
dramamine ((3-dimethylamine ether benzohydryl ether 8-chlorotheophyllinate) 
were carried out on a troopship. In each case the dose was 100 mg. every 
5 hours and before retiring. Seasickness was prevented in all but 2 of 134 
men who received the drug at the time of departure, whereas 34 men com
prising a control group were sick. In the latter group complete relief of 
symptoms were obtained 1 hour after commencing treatment. Out of 195 
other cases of severe seasickness 187 were completely relieved of symptoms 
30 minutes after treatment was started. Relapses occurred when a placebo 
was substituted for the drug and relief was obtained again when treatment 
recommenced. In another series of 359 cases, 372 recovered within 1 hour 
of commencing treatment. Rectal administration was equally as effective as 
oral treatment. There were no reactions to the drug. a . d . o.

P H A R M A C O L O G Y  A N D  T H E R A P E U T I C S
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Iron, Intravenous, and Anaemia o f Pregnancy. A. D. T. G o v a n and
J. M . S c o t t .  (Lancet, 1949, 256, 14.) A  stable saccharated oxide of iron 
was given by intravenous injection to 25 pregnant women suffering from 
iron-deficiency antenna. All showed a rapid response to treatment, the 
haemoglobin increasing in almost all cases by 8 per cent, :n the first week of 
treatment. During the first week injections were given daily, starting with 
a dose equivalent to 30 mg. of iron on the first day, 60 mg. on the second 
day, and 100 mg. thereafter, the injections being reduced a: the end of a week 
to 100 mg. on alternate days. It apparently requires about 40 mg. of 
iron to increase the haemoglobin by 1 per cent, in an anaemic pregnant 
woman. The solution appears to irritate the vessel wall, and rapid injection 
causes an immediate vasospasm, though only one case showed a severe re
action, probably due to vagal stimulation. A  comparison of the haemoglobin 
readings of the patients treated by intravenous injection and of 62 cases 
treated with iron by mouth showed a very striking difference, not only as 
regards time but also because in the patients treated intravenously succeed
ing increments of hasmoglobin increased instead of diminishing as in the 
patients treated with iron by mouth. s. l . w .

M orphine Derivatives: Chemical Constitution and Analgesic Action.
F. W . S c h u e l e r ,  E. G. G r o s s  and H. H o l l a n d .  (J. Amer. pliarm. 
Ass., Sci. Ed.. 1949, 38, 74.) In a review of the pharmacodynamic action 
of morphine and eighteen of its derivatives, the authors have 
concluded that the analgesic action may be due to the presence 
of both sympathomimetic and parasympathomimetic portions in the 
molecule connected by the same amino-nitrogen atom. Previous
workers found that for a maximum muscarine-like action the average 
optimum limiting distance between the methyl group of the amino-nitrogen 
and the ether oxygen or carboxyl oxygen are respectively 5-3 A and 7 0 A; 
using Fisher-Hirschfelder-Taylor models the corresponding distances in the 
nineteen molecules under discussion varied between 5 0 and 9-0 A. For 
sympathomimetic action the distance between the methyl groups of the 
amino-nitrogen and the aromatic carbon atom joining the ring to the alkyl 
carbon chain appears to be of paramount importance it varied between
4-5 and 6-5 A in these molecules. It is suggested that the analgesic action 
of morphine and its analogues is due to the presence of both these autonomic 
nervous system stimulating portions and acts through a peripheral mechanism. 
The parasympathomimetic group may be active in stimulating the output of 
inhibitory action on cholinesterase and the sympathomimetic group may 
adrenaline by the suprarenal glands either by direct action or through the 
enhance the peripheral perineural vasoconstrictor response of the adrenaline 
either by its direct action or by preserving adrenaline. G. R. K.

Nisin, Som e Recent Applications o f. A. H i r s c h  and A. T. R. 
M a t t i c k .  (Lancet, 1949, 257, 190.) Nisin is an antibiotic produced by 
Streptococcus lactis. It is mainly effective against Gram-positive organisms 
including the tubercle bacillus and has the properties of a polypeptide or pro
tein of low molecular weight. Nisin is soluble in dilute acids and the solution 
is stable to heat, but it tends to precipitate at neutrality and is slowly labile 
under alkaline conditions. With Strepzagalactice and Strep, pyrogenes nisin 
is rapidly bactericidal. The intravenous LD50 in rabbits is between 20 and 
23 mg./kg. The intramuscular LD50 is about 200 mg./kg. and the subcu
taneous dose was greater than 1,000 mg./kg. Rabbits which had received 
a fatal intravenous dose died quickly and quietly, but guinea-pigs suffered very

PHARMACOLOGY AND THERAPEUTICS
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violent spasms resembling “  peptone shock.’ ’ Necropsies showed that nisin was 
present in all the internal organs with the highest concentration in the lungs. 
Lesions at the site of subcutaneous injection contained almost all the nisin 
which had been injected and this probably explains the low toxicity by this 
route. The “  peptone shock ”  symptoms of fatal doses of nisin are usually 
avoided when the injection was given slowly with a perfuser. No apparent 
effect on leucocytes and red blood cells could be observed. After initial 
saturation injections, satisfactory blood-nisin levels (against mycobacteria, 
100 units/ml.) were obtained by 12 hourly injections. Blood levels of 1 to 
10 units/ml. of serum in rabbits were obtained by oral doses. The in vitro 
activity of nisin against mycobacteria in the Dubos and Davis medium, was 
equivalent to that of streptomycin. Combinations of nisin and streptomycin 
or nisin and licheniformin were neither synergistic nor markedly additive, but 
a combination of all three was. A similar behaviour was shown by nisin, 
licheniformin, and sulphathiazole, and a more than a mere additive action 
occurred with nisin and sulphathiazole together. Sulphathiazole resistant 
cultures were sensitive to nisin, as were streptomycin cultures. Nisin resistant 
cultures remained susceptible to streptomycin. In vivo experiments with 
subcutaneous doses of crude nisin resulted in a reduction in the spread of 
infection. After intravenous treatment, histological examination revealed 
early tuberculosis but this could not be detected macroscopically as in the 
control animals. a.d .o.

Salicylates. Toxicity during Pregnancy. A. V. l a c k  son.  (J. Path. 
Bad., 1948, 60, 587.) Pharmacological text-books commonly contain 
references to the danger of using large doses of salicylates during pregnancy 
but as there is little clinical support for this view the matter was investigated 
in rabbits and rats the placental permeability of which resembles that of 
man. It was found that salicylate readily passed the placental barrier in 
rabbits, the concentration in the fœtal serum being about two-thirds that in 
the mother. Even when doses sufficient to kill one out o f four of the 
mothers were given most of the foetuses survived. In rats, whenever the 
mother survived so also did the foetuses. It is concluded that there is no 
special liability to abortion or fœtal death in salicylate poisoning until doses 
approaching maternal lethal levels are reached. No specific histological 
changes occur in salicylate poisoning and the harmful effects are thought to 
be referable to interference with intracellular enzyme activity. h . t . b .

Senna, Biological Assay of. L. C. M i 11 e r and E. B. A l e x a n d e r .  
(J. Amer, pharm. Ass., Sci. Ed., 1949, 38, 417.) The assay procedure described 
involves administering the preparation under test at three dosage levels selected 
with a view to producing laxative effects in approximately 25, 50 and 75 o f 
three similar groups o f mice. Concurrently, a suspension o f a standard senna 
powder was given at three appropriate dosage levels- The number o f mice 
receiving each dose o f unknown and standard and showing laxative effects 
during the 5i hours after dosing were recorded and from these data the potency 
and confidence limits were calculated by conventional methods. The method 
is applicable to senna in its various pharmaceutical forms ; the material used 
in this investigation consisted o f proprietary preparations containing about 
50 per cent, o f sugar and senna extractives equivalent to 50 to 100 mg. o f fresh 
drug per ml. Satisfactory' dosage-response relationships were found in experi
ments on human beings and the potency' ratios found on human subjects agreed 
well with those o f mice. s. l . w .
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Sodium Carboxymethylcelluiose, Evaluation of Hydrophilic Properties of 
Bulk Laxatives containing. R. H. B ly th e , J. J. G u 1 e s i c h and
H. L. T u t h i 11. (J. A m er. pharm. A ss., Sci. E d ., 1949, 38, 59.) In a study 
to find a laxative agent superior to those now in use, the hydrophilic 
properties of standard bulk laxatives were compared with two new synthetic 
agents by new and modified methods in vitro. The significant properties 
evaluated were (a) the volume of water absorbed in various media (water 
and artificial gastric and intestinal juices), (b) the viscosity and texture of 
the gel formed, and (c) the ability of the gel to retain water. To avoid 
causing gastric discomfort the agent should swell in the alkaline intestinal 
tract but not in the acid gastric juice. To simulate in vivo  conditions poly
ethylene glycol was used an an osmotic agent. Karaya, psyllium and the 
synthetic agents methylcellulose and sodium carboxymethylcelluiose were 
compared. It was found that methylcellulose went slowly into solution 
when agitated in artificial gastric juice while sodium carboxymethyl- 
cellulose remained essentially insoluble. The synthetic substances proved 
superior to the natural gums in hydrophilic capacity and the formation of 
viscous, homogeneous solutions which permit uniform distribution and elimi
nate any tendency to blockage. It was concluded that sodium carboxy
methylcelluiose was the most promising substance of those tested because 
of these properties and its insolubility in artificial gastric juice. G . R . K.

B A C T E R I O L O G Y  A N D  C L I N I C A L  T E S T S

/»-Aminobenzoic Acid and Related Compounds, Fungistatic Properties of.
G. W. K. C a v i 11 and J. M. V i n c e n t. (J. Soc. chem . Ind.. L on d ., 1949, 68, 
189.) This paper deals with the relative fungistatic actions of the methyl to 
/i-amyl p-aminobenzoates and of o-, in-, and p-aminobenzoic acids and their 
methyl esters The fungistatic activities were determined from the inhibition 
of the growth rates of Aspergillus niger, B yssoch lam ys fulva and Penicillium  
roqueforti. It was noted that the inhibition of P. roqueforti was unusually 
increased if the nitrogen was supplied as nitrate and not as ammonium. 
The results were treated in two ways. On the basis of the reciprocal of the 
concentration required for 50 per cent, inhibition (I50), there was a general 
increase in activity in ascending the series methyl to n-amyl p-aminoben- 
zoate, and also the »(-isomer was markedly less effective than the correspond
ing o - or p-isomer. On the basis of an adsorption approach, using an 
adsorption equation relating inhibition to the Langmuir isotherm, the method 
proved of little use with P. roqueforti, but with B. fulva it seemed to permit 
a useful analysis of the activity of the esters, particularly in terms of increas
ing biological adsorbability. The esters tested against A . niger did not 
give the same clear cut picture. With both B. fulva and A . niger the low 
I50 values of the /n-isomer could be explained on the basis of the adsorption 
approach. G . R . K .

p - Aminosalicylic Acid and Resistance to Streptomycin. O. E. 
G r a e s s 1 e and J. J. P i e t r o w s k i. (J. Bact., 1949, 57, 459.) The effect 
of p-aminosalicylic acid on the development of resistance to streptomycin 
by M ycoba cteriu m  tuberculosis was investigated in vitro. The strain of 
M . tuberculosis used had an initial sensitivity of 0-8 un:t/ml. By repeated 
exposure to the antibiotic the organism was rendered resistant to 20,000

| Continued on p. 63
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P H A R M A C O G N O S T IS C H E  C O M M E N T A A R  O P D E  B E L G I S C H E  
P H A R M A C O P E E  I V  E N  H A A R  E E R S T E  B I J V O E G S E L  by P ro f. A p oth . 
R . D eq u ek er. Part I, pp. XIII +  746, Part II, Atlas pp. 109. 3rd Edition. 
Laboratorium Pharmacognosee Artsenijkunde. Ed. van Evenstraat, Leuven, 
1949.

This commentary on the Belgian Pharmacopoeia IV and its First Supple
ment includes, in the text, 160 items. Sixteen crude drugs in the B.P. 1948 are 
absent from this book : these are agar, anethum, belladonna root, capsicum, 
oardamom, carum, catechu, coccus, colchici cormus, colocynth, creta, 
ipomœia, lemon peel, hypoglossi oleum, Indian podophyllum, prunus serótina. 
There are included, however, several commodities which are not “ official ” 
in Britain, but are commonly sold in the pharmacy.

Each drug in the text is considered under the following headings : — defini
tion, synonyms, biological and geographical sources, concise description of 
the plant, cultivation, collection and preparation, macroscopical characters, 
microscopical characters, constituents, adulterants and assay, poisonous dose, 
pharmacodynamic properties, pharmaceutical preparations, storage. For 
each section the relevant quotation from the Pharmacopoeia is printed in italics 
and is followed by notes and explanation. A large number of references to 
current literature are given under authors" names with detailed references as 
footnotes; in this way a large amount of useful documentation is provided, 
including references up to 1948. The chemical nature, and where possible, 
molecular constitution of the constituents are discussed and many structural 
formulae are given.

In describing the drugs measurements are given for both macroscopical and 
microscopical details. Under microscopy, however, though reference is made 
to the use of palisade ratio, no numerical values are given and there is no 
reference to vein-islet number or to the very useful stomatal index. Under 
lycopodium, the number of spores per mg. is not given and there is no refer
ence to its use for quantitative assays. The value of the length of trichome 
rib per mg. of nux vomica is not referred to and area measurements per mg. 
for certain leaves and sclerenchymatous layers are also omitted. The use 
of crude fibre values as criteria of purity seems to have been overlooked, 
whereas they are valuable for the examination of drugs such as ginger, clove 
and linseed.

The Atlas of figures, illustrating the text, consists of a well-drawn and care
fully arranged selection of details from a number of well-known illustrated 
treatises and publications, including amongst others the Anatomischer Atlas 
of Tschirch and Osterle, the Codex Français 6, the Lehrbuch de Botanik of 
Strasburger, and the Pharmakognisticher Atlas of Fliick, Schlumpf and 
Siegfried. In general the habit sketches of plants and the drawings of macro
scopical details are good and accurate. The figure of C o c c u s  cacti on pg. 24 
is entirely erroneous and misleading and should be replaced by a new drawing 
made from the insect itself. The microscopical drawings, although faithfully 
reproduced from the originals, are often unsatisfactory in deails although 
they provide a general guide to the particulars which must be considered. 
The illustrations of many drugs, unofficial in Britain, will prove particularly 
useful to both pharmacists and analysts, especially such commodities as 
althæa root, cola seeds, lime flowers, santonica. black mustard, and bearberry 
leaves.
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The book is in semi-stiff paper covers, it is printed on good paper and is 
well produced. There is a satisfactory index and reference to the monographs 
is greatly facilitated by printing, in italics at the outside top corner of each 
page, the names of the drug described on that page. T. E. W a l l i s .

S T R U C T U R E  A N D  P H A R M A C O L O G I C A L  A C T I V I T Y  O F  S U B 
S T A N C E S  A C T I N G  O N  T H E  A U T O N O M I C  N E R V O U S  S Y S T E M , by  
D . B o vet and F . Bovet-N itri. Pp. 849. S. Karger, Basle and New York, 1949. 
85 Swiss francs.

Dr. D. Bovet and F. Bovet-Nitti have produced a most interesting and infor
mative book on the structure and pharmacological activities of drugs acting on 
the autonomic nervous system. The substances considered include adrenaline, 
acetylcholine and histamine, together with their antagonists. It is particu
larly useful to have a book of this sort written by those who have been 
responsible for so much of the original work described. The book includes 
a historical review of the development of each of these lines of work and 
discusses the various views as to the modes of action of the drugs concerned. 
The method of producing antisubstances to the various drugs by intro
ducing oxygen or nitrogen atoms into the molecules between the side- 
chain and the ring structure is particularly well stressed, and each section 
dealing with these antagonists is treated in great detail. Under adrenaline, 
for example, the aromatic and heterocyclic synthetic antagonists and the 
alkaloidal sympatholytics occupy more than 100 pages. It is a book which 
will be both useful to the student and stimulating to the investigator. Since 
the chemical relationships of the substances are discussed in detail, it will 
be of great interest to all pharmacologists and chemists working in this field. 
The book is a comprehensive treatise on this section of pharmacology and 
contains a very complete list of references. G .  A. H. B u t t l e .

ABSTRACTS (continued from page 61)

units/ml. of streptomycin. Hie organism was initially inhibited by 
1 mg./ml. of p-aminosalicylic acid. Exposure to the compound for 120 
days produced no increase in tolerence. When the organism was exposed 
to increasing amounts of streptomycin in the presence of 0-5 mg. of p-amino- 
salicylic acid during 120 days it was inhibited by as little as 1 unit/ml. of the 
antibiotic. It is suggested that the simultaneous use of p-aminosalicylic 
and streptomycin may provide an effective means of preventing 
the development of streptomycin resistance in vivo. h , t . b .

Penicillin Uptake by Bacterial Cells. E. A. M a a s s and M. J. J o h n s o m  
(/. B a d ., 1949, 57, 415.) Two types of absorption occur when cells of 

Staphylococcus aureus are equilibrated with penicillin solution. There is 
a simple diffusion of penicillin into the intracellular fluid, continuing until 
the penicillin concentration inside the cell is equal to that outside. There 
is also a specific uptake of the antibiotic by the cell, and this absorbed 
penicillin is not removed by extensive washing. By using a bacterial paste, 
obtained by centrifuging a culture, so as to obtain a high concentration of 
bacterial cells, and radioactive penicillin G, it was shown that each cell 
specifically absorbs 750 molecules of penicillin. No evidence was obtained 
to show whether this uptake of penicillin is responsible for its bactericidal 
activity. h . T . b .
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Liver Extracts

Sir,—At the British Pharmaceutical Conference this year I reported the 
Vitamin B12 content of various commercial liver extracts as shown by 
microbiological analysis, using L ac to b a c illu s  lac tis  Dorner1. The reference 
standard used was a dry liver extract supplied by Dr. Rickes of Messrs. 
Merck, iLS.A., and this was alleged to be equivalent to 0-4 |ig of B12 per ml. 
In the discussion at the Conference2 I stated that a commercial preparation 
of crystalline vitamin B12 assayed at three times the labelled strength when 
compared with Rickes’ standard. Subsequent investigation in these Labora
tories, using crystalline Bi2 as reference standard and L ac to b a c illu s  lac tis  
Dorner and L a c to b a c illu s  L e ish m an n i as test organisms, has shown that the 
real value of the Rickes’ liver extract was one-third of that declared. As a 
consequence of this apparent discrepancy, Dr. Rickes retested his stock of the 
same liver standard held by him in America, and he now informs me that the 
present value is one-third of that originally found to be present. It is fruitless 
at the moment to discuss possible causes of the apparent loss in potency of 
this liver standard. The net result, however, is that all the figures previously 
given by me which have been based on the Rickes’ standard must be divided 
by three.

It will be sen that, with this correction, a large number of the liver extracts 
tested from manufacturers in both hemispheres show very low figures and if 
the sole active material in them were the indicated vitamin B12, a considerable 
number of the liver extracts should be almost without activity for the 
treatment of pernicious anaemia. In some of the low value liver extracts 
examined, blending experiments were performed which provided no evidence 
for the presence of any inhibitors. Moreover, although inhibitors have been 
described by Shorb, such as folic acid, the concentration at which these known 
inhibitors are likely to be present in liver extracts is considerably under the 
effective inhibiting concentrations given by Dr. Shorb.

Geo. E. Sh a w .

The Evans Biological Institute,
Runcorn. Cheshire.
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