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ABSTRACT 

Pinealectomy leads to increased formation of fibrous tissue in the abdominal 

cavity, increased skin pigmentation and elevated cholesterol and alkaline 

phosphatase levels. It also leads to reduced formation and/or action of 

prostaglandin (PG) El and thromboxane (TX) A2. PGEl plays an important role 

in enhancing function of T suppressor lymphocytes which control overactive 
antibody-producing B lymphocytes. In primary biliary cirrhosis there are 

increased skin pigmentation, hepatic fibrosis, elevated cholesterol and alkaline 
phosphatase levels, defective T lymphocytes and hyperactive B lymphocytes. 
Primary biliary cirrhosis may be a pineal deficiency disease. Serotonin is 
important in the pineal and the serotonin antagonist methysergide may cause 
retroperitoneal fibrosis by interfering with pineal function. There is a 

good deal of other evidence which suggests that melatonin. PGEl and TXA2 are 
important in the regulation of fibrosis in other situations such as “collagen” 

diseases, lithium-induced fibrosis and cardiomyopathies. This suggests that 

enhancement of formation of PGEl and of TXA2 may be of value in diseases 
associated with excess fibrosis and defective T suppressor cell function. 
PGEI levels may be raised by zinc, penicill in, penicillamine and essential 

fatty acids. TXA2 levels may be raised by low dose colchicine. These new 
approaches to treatment may prove safer and more effective than existing 
ones. They may be of value in disorders such as cardiomyopathy, Hodgkin’s 
disease and other lymphomas, multiple sclerosis, Crohn’s disease, atopy and 
other diseases in which defective T cell function is suspected. 

INTRODUCTION 

Prolactin, zinc, penicillin and penicillamine have actions in the perfused 
superior mesenteric vascular bed of the rat which are consistent with stimul- 
ation of the formation of prostaglandin (PG) El from its precursor, dihomo- 

gamma-linolenic acid (DGLA). The agents may enhance conversion of esterified 

DGLA to free DGLA which can then rapidly be converted to PGEl (l-4). The 
effects of the agents vary markedly with the season and in an attempt to identify 
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the source of this variation we investigated the effect of pinealectomy (5,6). 

Pinealectomy in summer had little effect but in winter converted the responses 

to a summer pattern. Melatonin in winter had relatively little effect but in 

summer and ?n pinealectomized animlas at any time it converted responses to 

the winter pattern. Melatonin had actions which were consistent with increased 

formation of thromboxane (TX) A2 and with enhanced effects of prolactin, zinc 

and penTc?llin on PGEl (Fig. 1). 

Because we were cannulating the superior mesenteric artery we could not avoid 

noticing that many of the pinealectomized animals had excessive fibrous 
tissue formation in the abdominal cavity. Instead of being freely mobile 
the organs were frequently firmly stuck together and the liver and spleen 
were hard in consistency and sometimes fixed to the under surface of the 

diaphragm (7). The picture was remarkably similar to that of the retroperi- 
toneal and other forms of fibrosis which can occur in humans during prolonged 
treatment with methysergide (8,~). Methysergide fibrosis has never been 

satisfactorily explained. It may be relevant that methysergide is a serotonin 
antagonist and that serotonin plays a major role in the pineal. 

These observations led us to consider the possibility that disorders of mel- 
atonin, PGEl and TXA2 regulation could be important in human disease in which 

fibrous tissue production is disordered. The most dramatic example is primary 
biliary cirrhosis. 

PRIMARY BILIARY CIRRHOSIS 

Primary biliary cirrhosis is a disease of unknown origin mainly affecting 
women . The intrahepatic bile ducts are destroyed and much of the liver is 
replaced by fibrous tissue leading to death within 2-10 years in most cases. 
Itching and darkening of exposed areas of the skin are the common early fea- 
tures being followed by progressively severe indications of liver damage. 

Apart from the expected changes in bilirubin, the outstanding laboratory fin- 
dings are elevated alkaline phosphatase and cholesterol levels, defective T 

lymphocyte function and excess formation of a variety of antibodies, notably 
an unusual antimitochondrial antibody (10-13). 

The increased pigmentation has a variety of possible causes but a lack of the 
skin-lightening substance, melatonin, is one of them. Our rat studies of 
pinealectomy suggest that fibrosis could also be related to a melatonin 
deficiency. We have recently shown that even relatively early after pineal- 
ectomy blood alkaline phosphatase and cholesterol levels are markedly elevated 

(7). 

There is a great deal of evidence that PGEl is a major factor in the regulation 
of T lymphocyte function. This has been summarised elsewhere (2,14) but includes 
the following observations. 1. PGEl itself may cause T cell maturation in 
vitro (15). 2. Prolactin and zinc, which are both able to enhance PGEl 
synthesis, cause T cell maturation and thymus growth (16,17). 3. Cortisol, 
which inhibits formation of al? PGs, inhibits T cells and causes thymus 
atrophy. 4. Lithium,which selectively inhibits formation of 1 series PGs 
(2,18), causes thymus atrophy (19). 5. PGEl treatment controls adjuvant 
arthritis, an experimental syndrome associated with defective T cell and ex- 
cessive B lymphocyte activity (19). 6. PEE1 treatment controls auto-immune 
disease in NZB/W mice which again is thought to be due to defective T and 
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and excess B cell function (20,21). 7. Penicillamine which appears to enhance 
PGEl formation (4), can reduce excess antibody formation in primary biliary 

cirrhosis (13). 

When considered together these observations strongly suggest the possibility 
that primary bil iary cirrhosis may be related to inadequate melatonin pro- 

duction with consequent reductrons in PGEl and TXA2 synthesis. The female 
preponderance may also be explained on this basis since it has recently been 

demonstrated that progesterone is able to antagonise the actions of PGEl (22). 
This may account for the curious finding that the thymus has a potent system 

for metabol ising progesterone (23). This system might protect the thymus 

against progesterone-induced damage due to PGEl antagonism (2). Another curious 

observation which also points to a role for the pineal in regulation of fi- 
brosis is that collagen synthesis in the skin of patients with scleroderma 
is significantly higher in the summer (24) when pineal activity is reduced. 
This indicates that primary biliary cirrhosis may not be the only disorder in 
which defective regulation of fibrous tissue formation by melatonin, PGEl 

and TXA2 play a part. 

OTHER FIBROUS TISSUE DISORDERS 

In these other situations the evidence is much less striking than in the case 

of primary bil iary cirrhosis. However in most cases there have not been any 
specific investigations directed towards finding roles for melatonin, PGEl 

and TXA2 in fibrosis. In view of this the amount of evidence is rather sur- 
prising. 

1 . The evidence that human and mouse systemic lupus erythematosus (SLE) may 

be related to defective formation of TXA2 and PGEl has been reviewed in 

detail elsewhere (2,25). Since both TXA2 and PGEl seem to be involved 
in inhibition of the synthesis of other 2 series PCs (Fig. 1) (2, 26,27, 
28) lack of TXA2 and PGEl will be associated with excess formation of 

other PGs such as PGE2 and PGF2ct. Of all the pieces of evidence in favour 
of this concept of SLE, the most striking are the successful treatment 
of mouse SLE by PGEl (20 ) and the finding that drugs which cause the SLE 
syndrome in humans behave as TXA2 synthesis inhibitors or antagonists (25). 

2. In animals which have reduced essential fatty acid intake, collagen 
biosynthesis in inflammatory lesions is strikingly enhanced (28). 

3. Lithium treatment, which selectively inhibits synthesis of 1 series PGs, 
is associated with renal fibrosis (29). 

4. In patients with cardiomyopathy there is a failure of T suppressor cell 
function, a factor which is probably involved in the high incidence of 
lymphomas following cardiac transplantation in this group (30). 

5. Penicillamine, which seems able to enhance PGEl formation, can reduce 
collagen levels in human skin (31,32). 
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THE PROBLEMS OF ZINC, GLUCOCORTICOIDS AND SCHIZOPHRENIA 

There are three groups of observations which initially seem to argue strongly 
against the idea that PCEl deficiency can lead to excessive fibrosis. 

1 . Zinc deficiency is associated with defective collagen formation. 

Zinc seems to be important in enhancing PGEl biosynthesis and many of the 
features of zinc deficiency can be prevented by stimulating PGEl formation 

in other ways (33). 

2. Glucocorticoids inhibit formation of all PGs including PGEl and are assoc- 

iated with defective co1 lagen format ion. 

3. Schizophrenics seem unable to form PGEi normally (34,35,36) and they often 
have fragile skin with formation of striae on stretching. 

These three observations all point to the idea that far from inhibiting excess 
collagen formation, PGEl may be n&XA&Wty for normal collagen formation. Can 
the two series of observations be reconciled? 

Fortunately they can and in a surprisingly logical way. A number of the biol- 
ogical actions of PGEl follow what is sometimes called a “bell-shaped” dose 

response curve. This has been best documented in the case of the PGEl effect 

on vascular smooth muscle (37,381. In this model,as PGEl concentrations are 

i ncreased, so the amount of intracellular calcium released on activation 

rises, reaches a peak and then is reduced again. This means that the effects 

of very low and very high concentrations of PGEl are identical. If PGEl 

effects on collagen are similar then it is to be expected that collagen 
formation wi 11 be reduced both by very high and very low levels of PGEl. 
In Fig. 2 is shown a hypothetical model which could account for the observa- 
t ions. Peak muscle effects of PGEl seem to be in the lO’l1 - 10-12M range 
whereas PGEl levels in body fluids may be in the 10-lOM range. We therefore 

suggest that in normal individuals PGEl levels are to the right of the peak 

of the curve. If a similar curve is involved in regulation of collagen, then 

as PGEl levels fal I, collagen synthesis will first of all be increased. If 
the fall progresses and very low PGEl levels occur, then collagen synthesis 

will fall again and may become defective. The model therefore predicts that 

excess fibrosis will be associated with moderately reduced PGEl levels and that 

both very low and very high PGEl concentrations will lead to defective connect- 
ive tissue formation. 

THERAPEUTIC STRATEGIES FOR REGULATING FIBROSIS AND 
T LYMPHOCYTE FUNCT I ON 

The preceding arguments suggest that fibrosis may be inhibited and T lymphocytes 
activated by enhancing PGEl formation. It is possible that penicillamine, 
whose mechanism of action in these two areas is not understood, could be acting 
by enhancing PGEl synthesis. If so, some of the difficulties of using penicill- 
amine may be explained because penicillamine also chelates divalent cations, 

including zinc, an action which would be expected to interfere with the 
effect on PGEl synthesis. The work discussed in this paper suggests safer 
strategies for achieving . 1 enhanced synthesis of PGEl . 
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1 . Increased intake of essential fatty acids (EFAs), EFAs are the precursors 

of PGs with DGLA giving rise to 1 series PGs and arachidonic acid to 2 
series PGs (Fig. 1). There is virtually no DGLA or gamma-l inolenic acid 

!Fkk)l rnoleic acid. 
in most foods and so most of the DGLA in the body must be formed 
. . 

Until recently it was believed that linoleic acid 
intake was adequate but Brenner in particular has shown that this may not 

be the case (39,40,41). Only cis-linoleic acid can serve as a PG precursor 
and as much as 30-40% of the linoleic acid in Western diets may be in the 
trans form. Moreover conversion of cis-Iinoleic acid to cis-GLA can be 

blocked by high fat and carbohydrate intake,by cholesterol, by lack of 

insulin, by ageing and by the trans acids. Because of this inefficient 
conversion it is possible that many people on a Western diet are deficient 

in GLA and therefore in DGLA. It therefore seems appropriate to by-pass 

this block by giving GLA or DGLA directly. One way in which this can be 
done is to give evening primrose oil which is unique among vegetable 

oils in containing 8-g% of GLA (2,55). The oil can be administered even 
to those with inadequate digestion since it can be absorbed through the 
skin surface. An appropriate dose might be 2-4 ml of the oil per day. 

2. Zinc. DGLA is stored in the body in various lipid esters. In order to 
be ut i 1 i sed i t must be converted to free DGLA and zinc ions seem to be 

important in this process (3 ). Increased zinc intake should therefore 

accompany an increased EFA intake. It has already been shown that in 

malnourished humans zinc can enhance thymus growth and restore normal 
lymphocyte function (42). In the disease acrodermatitis enteropathica 
in which there is a defect in zinc absorption there is also lymphocyte 
failure which can be overcome by high zinc doses which overcome the ab- 

sorption block (43). In otherwise normal individuals 30-40 mg of zinc 

per day in the form of zinc sulphate or zinc gluconate should be sufficient 

3. Penicillamine and penicillin. Both penicillin and penicillamine seem able 

to increase the formation of a substance with the characteristics of PGEl. 
Penicillamine has already been shwon to activate T lymphocytes and to 
reduce collagen formation in humans. It is possible that the much less 

toxic penici 11 in, which does not chelate divalent cationSmay have similar 

effects but to our knowledge this has not been tested. Penicillin, parti- 

cularly when combined with evening primrose oil, has recently been found 
to have a therapeutic effect in schizophrenia in which there seems to be 
a PGEl deficiency (44,45). 

4. PGEl or an analogue. PGEl is unlikely to be effective therapeutically 
because it is almost all removed from the circulation during one passage 
through the lung but more stable analogues might be active. However 
the surprising success of PGEl in treating NZB/W mice raises the possib- 
ility that it could be used itself. 

5. Melatonin or cholchicine. Melatonin is readily available and could be 
administered to humans , although a short half life may be a problem. 

An alternative approach may be to use colchicine. We screened a large 
number of drugs in the mesenteric preparation and to our surprise found 
that low concentrations of colchicine had actions like melatonin which 
were consistent with enhancement of TXA2 synthesis (46) and enhancement 
of the effects of zinc and prolactin on PGEl formation. Only later did 

we find that colchicine and melatonin can bind to the same sites on 
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mi crotubules (47). Relatively high doses of colchicine far above the 
therapeutic range in human body fluids have the opposite effect to mela- 

tonin on melanocytes (48,49). It is possible that this may be an example 

of an agonist/antagonist effect of colchicine with much lower colchicine 
concentrations having a melatonin-like effect on TXA2 and PGEI. Colchicine 

may also enhance the bioIogica1 actions of PGEI since it has been shown 
to enhance substantially the effect of PGEl on cyclic AMP in fresh human 

granulocytes (50). Whatever the mechanism there is already excellent 
empirical evidence that in vivo colchicine in low doses has highly desir- 
able effects in inhibiting inflammatory disorders, enhancing defective T 

cell function and suppressing overactive 6 lymphocytes. Colchicine is 

effective in Behset’s syndrome (51) and in familial Mediterranean fever: 
in the latter disease it is remarkably successful in preventing renal 
failure due to immune complex deposition (52). In animals it can suppress 
amyloid formation following casein injections (53,54) and there is preli- 
minary evidence that it may be of value in multiple sclerosis (55,56). 
In preliminary experiments we have shown that colchicine given with evening 
primrose oil can suppress formation of excess fibrous tissue in pinealec- 

tomised rats. 

In summary therefore it seems that an appropriate safe strategy to enhance 
T lymphocyte function, suppress overactive B lymphocytes and reduce fibrosis 
would be to combine evening primrose oil, zinc and colchicine. Penicillin 
or penicillamine, the latter possibly in much lower doses than are now used, 
could further enhance the efficacy of this regime. It is possible that 
this approach could be of value in a wide variety of diseases associated with 

defective T lymphocyte function, including primary biliary cirrhosis, various 
“collagen” disorders, cardiomyopathies, atopic disorders, Crohn’s disease and 

Hodgkin’s disease and other lymphomas. 

Finally it should be noted that although in this paper we have referred to 
collagen biosynthesis we are aware of the possibility that some of the effects 
discussed may relate to collagen degradation rather than synthesis. However 
at present there is no adequate information about prostaglandin or melatonin 

effects on collagen breakdown. 

REFERENCES 

1 . Horrobin DF, Manku MS, Karmali RA et al. Prostaglandins as second messen- 
gers of prolactin action. Implications for studies on prolactin. 

pp 189-200 in Progress in Prolactin Physiology and Pathology (M Robyn 
and M Harter, eds), Elsevier/North Holland, Amsterdam, 1978. 

2. Horrobin DF. Prostaglandins: Physiology, Pharmacology and Clinical Signi- 
ficance. Churchill Livingstone, Edinburgh and Eden Press, Montreal, 

1978. 

3. Manku MS, Horrobin DF, Karmazyn M et al. Prolactin and zinc effects on 
rat vascular reactivity: possible relationship to effects on rat 
vascular reactivity: possible relationship to dihomo-y-linolenic acid 
and to prostaglandin synthesis. Endocrinology, in press, April 1979. 

410 



4. Cunnane SC, Zinner H, Horrobin DF et al. Copper inhibits pressor responses 
to noradrenal i ne but not potassium. Interactions with prostaglandins 

El, E2, 12 and penicillamine. Can J Physiol Pharmacol 57: 35-40, 1979. 

5. Mtabaji JP, Manku MS, Horrobin DF. Vascular actions of furosemide and 

bumetanide on the rat superior mesenteric vascular bed: interact ions 

with prolactin and prostaglandins. Can J Physiol Pharmacol 54: 357- 

66, 1976. 

6. Cunnane SC, Manku MS, Horrobin DF et al. Effects of pinealectomy and 

melatonin on seasonal variations in vascular reactivity. Submitted 

for publication. 

7. Cunnane SC, Sella G, Horrobin DF et al. Effects of pinealectomy on chol- 

esterol, alkaline phosphate and fibrous tissue. Submitted for publi- 

cation. 

a. Elkind AH, Friedman AP, Bachman A et al. Silent retroperitoneal fibrosis 

with methysergide therapy. JAMA 206: 1041-4, 1968. 

9. Graham JR. Cardiac and pulmonary fibrosis during methysergide therapy 

for headache. Am J Med Sci 254: l-12, 1967. 

IO. Sherlock S. Diseases of the liver and biliary system. 5th ed., Blackwell 

Scientific Publications, Oxford 1975. 

11. Walker JG, Doniach D, Roitt IM et al. Serological tests in diagnosis 

of primary bi liary cirrhosis. Lancet 1: 827-31, 1965. 

12. Thomas HC, Potter BJ, Sherlock S. Is primary biliary cirrhosis an immune 

complex disease? Lancet 2: 1261-3, 1977. 

13. Epstein 0, DeVilliers D, Jain S, et al. Reduction of immune complexes 

and immunoglobulins induced by D-penicillamine in primary biliary 

cirrhosis. New Eng J Med 300: 274-8, 1979. 

14. Zurier RB. Prostaglandins, inflammation and immune responses. Prosta- 

glandins Ther 5: l-4, 1979. 

15. Bach MA, Bach JF. Effects of prostaglandins and indomethacin on resette 

forming lymphocytes: interactions with thymic hormone. pp 241-48 

in Prostaglandin synthetase inhibitors (HJ Robinson and JR Vane, eds) 
Raven Press, NY 1974. 

16. Singh U, Owen JJT. Studies on the maturation of thymus stem cells. 

The effects of catecholamines, histamine and peptide hormones on the 

expression of T cell alloantigens. Eur J lmmunol 6: 59-62, 1976. 

17. Brummerstedt E, Basse A, Glagstad T, Andresen E. Animal model of human 

d i sease . Acrodermatitis enteropathica, zinc malabsorption. Am J 

Path01 87: 725-a, 1977. 

18. Horrobin DF. Lithium as a regulator of prostaglandin synthesis. Relevance 

to manic-depressive psychosis and schizophrenia and to the mechanism 
of opiate action. In Lithium: an International Conference. 

Excerpta Medica, in press. 

19. Perez-Cruet J, Dancey JT. Thymus gland involution induced by lithium 

chloride. Experientia 33: 646-8, 1977. 

411 



20. Zurier RB, Sayadoff DM, Torrey SB, Rothfield NF. Prostaglandin E treat- 
ment in NZB/NZW mice. Arthritis Rheum 20: 723-8, 1977. 

21. Krakauer K, Torrey SB, Zurier RB. Prostaglandin El treatment of NZB/W 
mice. I I I . Preservation of spleen cell concentrations and mitogen- 

induced proliferative responses. Clin lmmunol lmmunopath 11: 256-66, 

1978. 

22. Oka M, Horrobin DF, Manku MS. Progesterone interferes with the act ions 
of prostaglandin El but not those of PGE2 or PGE2alpha in a rat 

vascular preparation. Prostaglandins Med 2: 161-4, 1979. 

23. Weinstein Y, Lindner HR, Eckstein B. Thymus metabolizes progesterone: 
possible enzymatic marker for T lymphocytes. Nature 266: 632-3, 1977. 

24. Menard H, Mathieu JP. Synthesis of collagen in organ culture of the 
skin of patients with scleroderma. Presented at the 9th Laurentian 
Conference on Rheumatology, Val-David, Quebec, 29 September, 1978. 

25. Horrobin DF, Karmali RA, Manku MS et al. Systemic lupus erythematosus: 
a disease of thromboxane A2 synthesis and action. IRCS J Med Sci 

5: 547-9, 1977. 

26. Horrobin DF, Manku MS, Karmali RA et al. Thromboxane A2: a key regulator 
of prostaglandin biosynthesis and of interactions between prostaglan- 
dins, calcium and cyclic nucleotides. Med Hypotheses 4: 178-86, 1978. 

27. Feinstein MB, Becker EL, Fraser C. Thrombin, collagen and A23187 
stimulated platelet arachidonate metabolism: differential inhib- 
ition by PGEl, local anesthetics and a serine-protease inhibitor. 
Prostaglandins 14: 1075-94, 1977. 

28. Parnham MJ, Shoshan S, Bonta IL et al. Increased collagen metabolism 
in granulomata induced in rats deficient in endogenous prostaglandin 

precursors. Prostaglandins 14: 709-14, 1977. 

29. Hestbech J, Hansen HE, Amdisen S et al. Chronic renal lesions 
following long term treatment with lithium. Kidney Int 12: 205-13, 

1977. 

30. Andersen JL, Fowles RE, Bieber CP et al. Idiopathic cardiomyopathy, age 
and suppressor cell dysfunction as risk determinants of lymphoma 
after cardiac transplantation. Lancet 2: 1174-7, 1978. 

31. Francis MJO, Mowat AG. Effects of D(-) penicillamine on skin collagen 
in man. Postgrad Med J 50 (Suppl 2): 30-32, 1974. 

32. Hansen TM, Manthorpe R, Kofod B et al. Penicillamine in rheumatoid 
arthritis. Connective tissue changes and alterations in serum copper 
and phase reactants in relation to clinical improvement. J Rheumatol 

3: 367-74, 1976. 

33. Cunnane SC, Horrobin DF, Sella GE. Prevention of the zinc deficiency 
state by Essential Fatty Acids. Submitted for pub1 ication. 

34. Horrobin DF, Ally Al, Karma1 i RA et al. Prostaglandins and schizophrenia: 
further discussion of the evidence. Psycho1 Med 8: 43-8, 1978. 

35. Horrobin OF. Schizophrenia: reconciliation of the dopamine, prosta- 
glandin and opioid concepts. Role of the pineal. Lancet , in press, 

1979. 

412 



36. Abdulla YH, Hamadah K. Effect of ADP on PGE formation in blood platelets 

from patients with depression, mania and schizophrenia. Br J Psychiat 

127: 591-5, 1975. 

37. Horrobin DF. Interactions between prostaglandins and calcium: the import- 

ance of be1 1 -shaped dose response curves. Prostaglandins 14: 667-77, 
1977. 

38. Manku MS, Horrobin DF, Cunnane SC et al. Prostaglandins El, E2 and 12: 
evidence for three distinct actions in vascular smooth muscle. B iochem 

Biophys Res Comm 83: 295-9, 1978. 

39. Brenner RR. The desaturation step in the animal biosynthesis of poly- 

unsaturated fatty acids. Lipids 6: 567-75, 1971. 

40. Brenner RR, Peluffo RO. Regulation of unsaturated fatty acids biosynthesis 
Effect of unsaturated fatty acid of 18 carbons on microsomal desatu- 

ration of linoleic into gamma-linolenic acid. Biochim Biophys Acta 

176: 471-9, 1966. 

41. Brenner RR. Metabolism of endogenous substrates by microsomes. Drug 

Metabolism Rev 6: 155-212, 1977. 

42. Golden MHN, Golden B, Harland PSEG et al. Zinc and immunocompetence in 
protein-energy malnutrition. Lancet 2: 1226-8, 1978. 

43. Neldner KH, Hagler L, Wise WR et al. Acrodermati tis enteropathica: 
A clinical and biochemical survey. Arch Derm 110: 711-21, 1974. 

44. Chouinard G, Horrobin DF, Annable L. An antipsychotic effect of penicillin 
in schizophrenia. IRCS J Med Sci 6: 187, 1978. 

45. Vaddadi KS. Penicillin and essential fatty acids in schizophrenia. 

Prostaglandins Med 2: 77-80, 1979. 

46. Manku MS, Oka M, Horrobin DF. Effects of imidazole, histidine and col- 

chicine on vascular reactivity: possible relevance to prostaglandin 
and thromboxane synthesis. Eur J Rheumatol, in press. 

47. Fitzgerald TJ, Veal A. Melatonin antagonizes colchicine-induced mitotic 
arrest. Experientia 32: 372-3, 1976. 

48. Wallace SL, Omokoku B, Ertel NH. Colchicine plasma levels: implications 
as to pharmacology and mechanisms of action. Am J Med 48: 443-8, 1970. 

49. Malawista SE. On the action of colchicine: the melanocyte model. J 
Exp Med 122: 361-84, 1965. 

50. Rudolph SA, Greengard P, Malawista SE. Effects of colchicine on cyclic 
AMP levels in human leucocytes. Proc Nat Acad Sci USA 74: 3404-8, 
1977. 

51. Mizushima Y, Matsamura N, Mor M et al. Colchicine in Behcet’s disease. 

Lancer 2: 1037-8, 1977. 

52. Skrinskas G, Bear RA, Magi1 A et al. Colchicine therapy for nephrotic 
syndrome due to familial Mediterranean fever. Can Med Ass J 117: 
1416-7, 1977. 

413 



53. British Medical Journal. Pathogenesis of amyloid disease. Br Med J 

1: 216, 1979. 

54. Shirahama T. Cohen AS. Blockage of amyloid induction by colchicine in 
an animal model. J Exp Med 140: 1102-7, 1974. 

55. Horrobin DF. Multiple sclerosis: the rational basis for treatment with 
colchicine and evening primrose oil. Med Hypotheses 5: 365-76, 1979. 

56. Horrobin DF, Botez T, Botez Ml. Polyunsaturated fatty acids and colchicine 
in multiple sclerosis. Br Med J 1: 199-200, 1979. 

414 


