


Comparative 
Biochemistry 
of Parasites 



Proceedings of an International Symposium organized by the 

Janssen Research Foundation and held at Janssen Pharmaceutica 

Beerse, Belgium, September 1-3, 1971 



Comparative 
Biochemistry 
of Parasites 

edited by 

H.Van den Bossche 
Department of Comparative Biochemistry 

Janssen Pharmaceutica 

Beerse, Belgium 

xjv Academic Press 
New York and London 

1972 



C O P Y R I G H T © 1 9 7 2 , B Y A C A D E M I C P R E S S , I N C . 
ALL RIGHTS RESERVED 
N O PART O F THIS BOOK M A Y B E REPRODUCED IN ANY F O R M , 
BY PHOTOSTAT, M I C R O F I L M , RETRIEVAL S Y S T E M , OR A N Y 

OTHER M E A N S , W I T H O U T W R I T T E N P E R M I S S I O N F R O M 

T H E PUBLISHERS. 

A C A D E M I C P R E S S , I N C . 
I l l Fifth Avenue, New York, New York 10003 

United Kingdom Edition published by 
A C A D E M I C P R E S S , I N C . ( L O N D O N ) L T D . 
24/28 Oval Road, London NW1 

LIBRARY O F C O N G R E S S CATALOG C A R D N U M B E R : 7 2 - 1 8 7 2 4 9 

PRINTED IN T H E U N I T E D STATES O F AMERICA 



C O N T E N T S 

PARTIC IPANTS IX 

PREFACE X Î i i 

1. Glimpses at the Early Days of Parasite Biochemistry 1 
Theodor von Brand 

2. Biochemical Effects of Antischistosomal Drugs 25 
Ernest Bueding 

3. Comparative Biochemistry of Carbohydrates in 
Nematodes and Cestodes 33 

Howard J. Saz 

4. The Ut i l izat ion of Carbon Dioxide by Moniezia expansa: 
Aspects of Metabolic Regulation 49 

C. Bryant 

5. Hormones, the Environment, and Development in Nematodes . 81 
K. G. Davey 

6. Neurotransmitters in Trematodes 95 
Ernest Bueding and James Bennett 

7. Pharmacological Aspects of Tetramisole 101 
J. M. Van Nueten 

8. Biochemical Effects of Tetramisole 117 
H. Van den Bossche 

9. Recent Studies on the Mechanism of A c t i o n of 
Berenil (Diminazene) and Related Compounds 127 

B. A. Newton 

10. Biochemical Effects of the Anthe lmin t ic Drug Mebendazole . . 139 
H. Van den Bossche 

11. Kinetoplast DNA: Structure and Funct ion 159 
M. Steinen and Suzanne Van Assel 

ν 



CONTENTS 

12. Organization of the D N A in the Kinetoplast 
of Trypanosomatidae 167 

E. Detain, Ch. Brack, A. Lacome, and G. Riou 

13. D N A of Kinetoplastidae: A Comparative Study 185 
B. A. Newton and J. K. Burnett 

14. Some Studies on the D N A of Plasmodium knowlesi . . . . 199 
W. E. Gutteridge and P. I. Trigg 

15. Dihydrofolate Reductases in Parasitic 
Protozoa and Helminths 219 

Julian J. Jaffe 

16. Physiological Adaptabi l i ty of Malaria Parasites 235 
R. E. Howells, W. Peters, and C. A. Homewood 

17. Cytochemical and Biochemical Studies of the 
Intestinal Cells of Ascaris suum 259 

M. Borgers and H. Van den Bossche 

18. Factors Influencing the Movement of Materials 
across the Intestine of Ascaris 275 

Calvin G. Beames, Jr., and Gary A. King 

19. Acid Phosphatases in the Intestinal Cells of T w o Nematode 
Larvae: Anisakis sp. and Trichinella spiralis 283 

E. J. Ruitenberg 

20. Studies on Acid Hydrolases and on Catalase of the 
Trypanosomatid Crithidia luciliae 297 

Yves Eeckhout 

2 1 . Structural and Biochemical Changes in Nippostrongylus 
brasiliensis dur ing Development of I m m u n i t y t o 
this Nematode in Rats 317 

D. L Lee 

22. Adaptat ions in Oxidative Metabolism during the 
Transformation of Trypanosoma rhodesiense 
f r o m Bloodstream into Culture Form 329 

/. B. R. Bowman, H. K. Srivastava, and I. W. Flynn 

23. Effects of Bongkrekic Acid on Malaria Parasites 
(Plasmodium lophurae) Developing Extracellularly in Vitro 343 

W. Trager 

vi 



CONTENTS 

24. Carbohydrate Metabolism in Entamoeba histolytica 351 
R. E. Reeves 

25. Biochemistry of Coccidia 359 
J. F. Ryley 

26. Loss of Fatty Ac id Biosynthesis in Flatworms 383 
Franz Meyer and Haruko Meyer 

27. Recent Studies on the Characterization of the 
Cytochrome System in Kinetoplastidae 395 

George C. Hill 

28. Cytochromes in Ascaris and Moniezia 417 
K. S. Cheah 

29. Role of Non-heme Iron in Cestode Respiration 433 
Eugene C. Weinbach 

30. Effects of Anthe lmint ics on P
3 2

 Esterif ication in 
Helminth Metabolism 445 

Howard J. Sa ζ 

3 1 . Studies on the Phosphorylat ion in Ascaris Mi tochondria . . . 455 
H. Van den Bossche 

32. The Influence of the L ipophi l ic and Electronic Character of 
Substituted Phenols on the Effectors of 
Ascaris suum Mi tochondria 469 

J. P. Tollenaere 

33. Oxidative Phosphorylation in Moniezia Mi tochondria . . . . 479 
K. S. Cheah 

34. Summary and Out look 491 
W. Trager 

SUBJECT I N D E X 495 

vii 



This page intentionally left blank



P A R T I C I P A N T S 
* Asterisk denotes chairmen 

Bafort, J. M., Inst i tuut voor Tropische Geneeskunde, 2000 A n t w e r p , Belgium 

Beames, Calvin G.,Jr.,* Department of Physiology, Oklahoma State 
University, Sti l lwater, Oklahoma 74074 

Bone, G. J., Rue Baron de Castro 7, 1040 Brussels, Belgium 

Borgers, M., Janssen Pharmaceutica, 2340 Beerse, Belgium 

Borst, P., Laborator ium voor Biochemie, Jan Swammerdam Inst i tuut , 

Amsterdam, The Netherlands 

Bout, D. T. J., Service d ' Immunologie et de Biologie Parasitaire — 
Université de Lil le, Li l le, France 

Bowman, I. Β. R., Department of Biochemistry, University of Edinburgh 

Medical School, Edinburgh EH 8 9 A G , Scotland 

Bryant, C.,* Department of Zoology, Box 4 G.P.O., Canberra A.C.T. 
2600, Australia 

Bueding, Ernest,* The Johns Hopkins University, Balt imore, Maryland 
21205 

Cheah, K. S., A.R.C. Meat Research Inst i tute, Langford, Bristol BS18 7DY, 
England 

Chowdhury, N., Laborator ium voor Zoofysiologie, Rijksuniversiteit Gent, 

9000 Gent, Belgium 

Coles, G. C, MRC Biochemical Parasitology Uni t , The Molteno Inst i tute, 
University of Cambridge, Cambridge CB2 — 3EE, England 

Davey, K. G., Institute of Parasitology, MacDonald College 800, 
Province of Quebec, Canada 

De Zwaan, Α., Laborator ium voor Scheikunde en Dierfysiologie, 
Universiteit Utrecht, Utrecht, The Netherlands 

ix 



PARTICIPANTS 

Dierick, W. S. H, Laborator ium voor Biochemie, R U C A - 2 0 2 0 A n t w e r p , 

Belgium. 

Eckert, J., Inst i tut für Parasitologic, Universität Zür ich , Zür ich , Switzerland 

Eeckhout, Yves, Laboratoire de Chimie Physiologique, Université de 
Louvain, 3000 Leuven, Belgium 

Gutteridge, W. E., Biological Laboratory, University of Kent, Canterbury, 

Kent, England 

Haese, W. H., The Johns Hopkins Hospital , Balt imore, Maryland 21205 

Hi//, George C, MRC Biochemical Parasitology Uni t , The Molteno Insti tute, 

Cambridge, CB2-3EE, England 

Howe/Is, R. E.f Liverpool School of Tropical Medicine, Liverpool L3 5QA, 
England 

Jaffe, Julian J.r University of Vermont College of Medicine, Given Bui lding, 
Bur l ington, Vermont 05401 

Janssen, Paul A. J* Janssen Pharmaceutica, 2340 Beerse, Belgium 

Janssens, P. G., Inst i tuut voor Tropische Geneeskunde, 2000 Antwerp , 
Belgium 

Kaba, Α., Laboratoire de Pharmacodynamie general. Université de 
Louvain, 3000 Leuven, Belgium 

Kohler, P., Inst i tut für Parasitologie, Universität Zür ich , Zür ich , Switzerland 

Lee, D. L,* Department of Pure and Appl ied Zoology, University of Leeds, 
Leeds LS2 9JT, England 

Le Ray, D., Inst i tuut voor Tropische Geneeskunde, 2000 Antwerp , Belgium 

Meyer, Franz, Upstate Medical Center, Syracuse, New York 13210 

Meyer, Haruko, Upstate Medical Center, Syracuse, New York 13210 

Moors, Α., Inst i tuut voor Tropische Geneeskunde, 2000 Antwerp , Belgium 

Mortelmans, J., Inst i tuut voor Tropische Geneeskunde, 2000 Antwerp , 
Belgium 

Newton, B.A.,* MRC Biochemical Parasitology Uni t , The Molteno Insti tute, 
University of Cambridge, Cambridge, CB2-3EE, England 

χ 



PARTIC IPANTS 

Prins, R. Α., Laborator ium voor Vétérinaire Biochemie, Universiteit Utrecht, 
Utrecht, The Netherlands 

Reeves, R. E., Louisiana School of Medicine, New Orleans, Louisiana 70112 

R/'ou, G., Inst i tut Gustave, Roussy, V i l le ju i f 94, France 

Rombouts, W. A. J. Α., Medische Fakultei t , Universiteit Louvain, 3000 
Louvain, Belgium 

Ruitenberg, E. J., Ri jksinst i tuut voor de Volksgezondheid, Utrecht , The 
Netherlands 

Ryley,J. F., Pharmaceutical Division, I.C.I., Macclesfield, Cheshire SK10 
4TG, England 

Saz, Howard J.,* College of Science, University of Notre Dame, 
Notre Dame, Indiana 46556 

Steinen, M., Faculté des Sciences, U L B , 1640 St. Genesius-Rode, Belgium 

Toi/enaere, J. P., Janssen Pharmaceutica, 2340 Beerse, Belgium 

Trager, W.,* The Rockefeller University, New Y o r k , New Y o r k 10021 

Van den Bossche, H., Department of Comparative Biochemistry, Janssen 
Pharmaceutica, 2340 Beerse, Belgium 

Van de Vijver, G. H.f Inst i tuut voor Zoöfysiologie, Universiteit Gent, 9000 
Gent, Belgium 

Van Meirvenne, Ν., Inst i tuut voor Tropische Geneeskunde, 2000 A n t w e r p , 

Belgium 

Van Miert, A.f Laborator ium voor Vétérinaire Farmacologie, Universiteit 
Utrecht , Utrecht , The Netherlands 

Van Nueten, J. M., Janssen Pharmaceutica, 2340 Beerse, Belgium 

Veenendaal, G. H., Laborator ium voor Vétérinaire Farmacologie, 
Universiteit Utrecht, Utrecht , The Netherlands 

Vercauteren, R. E.f Fakulteit voor de Diergeneeskunde, Universiteit Gent, 
9000 Gent, Belgium 

xi 



PARTICIPANTS 

von Brand, T. C.*8606 Hempstead Avenue, Bethesda, Maryland 20034 

Wattiaux, R., Facultés Universitaires Notre Dame de la Paix, 5000 Namur, 
Belgium 

Wembach, Eugene C, Laboratory of Parasitic Diseases, National Institutes 
of Health, Bethesda, Maryland 20014 

xii 



P R E F A C E 

In the last t w o decades a tremendous amount of progress has been made 
in the f ield of parasite physiology and biochemistry. Studies on the inter-
mediate metabolisms, on the characterization of nucleic acids, on transport 
mechanisms, and on the mode of action of chemotherapeutic agents have 
contr ibuted to a better understanding of the biochemistry and physiology of 
protozoa and helminths. The main object of the Symposium on the Compar-
ative Biochemistry of Parasites, which was held at Janssen Pharmaceutica 
f r o m September 1 to 3, 1971 , was to bring together experts on various 
aspects of protozoa and helminth biochemistry and physiology in order to 
evaluate present knowledge, to stimulate fur ther progress in this f i e ld , and to 
f ind new approaches for the rational design of new chemotherapeutic agents. 

It is always d i f f i cu l t to ascertain whether a symposium is organized at 
an appropriate date. The most impor tant reason for organizing this sym-
posium in September 1971 was that Dr. Theodor von Brand was able to 
participate then. Dr. von Brand has worked in the f ie ld of parasite physiology 
and biochemistry for nearly half a century and, as Professor Weinstein 
[J. Paras/to/. 56 (1970), 625] pointed out recently, has acted as a leavening 
agent in this discipline. This book, which is comprised of the papers presented 
at the symposium, is dedicated to his interest and honor. 

It is a pleasure to thank the participants and the chairmen, and part icu-
larly Dr. Paul A. J . Janssen for providing the o p p o r t u n i t y t o organize this 
symposium and for his continued encouragement. I am pleased to acknow-
ledge the advice of E. Bueding, D. Fairbairn, H. J . Saz, D. Th ienpont , and 
T. von Brand in the preparation of the symposium, and the eff ic ient help of 
a great number of my colleagues at Janssen Pharmaceutica. 

I sincerely hope that this book fu l f i l l s its purpose as a tool fo r fu ture 
research. 

H. Van den Bossche 
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GLIMPSES A T THE E A R L Y DAYS 
OF PARASITE B IOCHEMISTRY. 

Theodor von Brand 
8606 Hempstead Avenue 

Bethesda, Maryland 20034, U.S.A. 

Parasitology, constitutes only a t iny segment of natural science or medi-
cine. No wonder then that parasitology is ment ioned on ly in a very 
cursory manner in books dealing w i t h the history of science or medicine. 
Many newer books on these subjects exist and I looked at a few of them 
taken at random f rom the l ibrary shelves. This is what I f ound . The 
index t o the t w o volumes of Packard's (1963) "H i s to r y of medicine in 
the United States" does not contain the words parasites or parasitic 
diseases. The book gives, however, an account of an early 17th century 
case of a large uterine hydat id cyst in an unfor tunate woman. L loyd's 
(1968) " A hundred years of medic ine" has a 4 1/2 pages long chapter 
ent i t led "Some larger parasites". In Major's (1954) two volumes of " A 
history of medic ine" and in Singer and Underwood's (1962) " A short 
history of medic ine" one f inds brief discussions o f various tropical 
diseases, such as malaria, trypanosomiasis, ancylostomiasis, and others. 
Needless t o say the physiology or biochemistry o f parasites is not 
discussed. 

If one looks for books dealing specifically w i th the history of parasitolo-
gy one is struck by the fact that on ly very few have been wr i t ten . Of 
very great interest are the scholarly works of Hoeppli "Parasites and 
parasitic infect ions in early medicine and science" (1959) and "Parasitic 
diseases in Af r ica and the Western hemisphere" (1969). Both make for 
fascinating reading, but for obvious reasons they do not contain and 
cannot be expected t o contain a discussion o f the development of 
parasite biochemistry. As far as I am aware on ly one other relevant book 
exists. It is Foster's (1965) " A history of parasi tology". Foster traces the 
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development of our knowledge concerning certain parasites and groups of 
parasites w i thou t , however, ment ioning any data on parasite biochemis-
t ry . 

Interesting historical data abound of course in biographies and auto-
biographies of such men as Sir Patrick Manson (Manson-Bahr and A lcock , 
1927), Sir Ronald Ross (Ross, 1923), Geheimrat Bernhard Nocht (Mar-
t i n i , 1957) and others. But these men were not parasite physiologists and 
therefore the topics parasite physiology or biochemistry have no place in 
such accounts. In short, we just do not have as yet a history of parasite 
physiology and biochemistry. 

I am not a trained historian and I do not pretend that I can f i l l this gap 
adequately, especially not in the confines of a brief lecture. I have, 
however, been active in the f ie ld for nearly half a century, have been 
interested for a long t ime in some of the old f indings and am therefore 
to some extent famil iar w i th historical developments. I am also fami l iar 
w i t h the reasons why old f indings f requent ly are fo rgot ten . Younger 
investigators often discount old data as not being relevant to modern 
approaches and they seem reluctant to read the old l i terature. I t h ink a 
survey of parasite physiologists asking them how many have read in the 
original Weinland's (1901b) classical paper ' O b e r Kohlenhydratzersetzung 
ohne Sauerstoffaufnahme bei Ascaris, einen tierischen Gärungsprozess" 
wou ld be quite i l luminat ing. Furthermore practical ly all journals discoura-
ge or reject long historical int roduct ions and I certainly do not advocate 
that the l i terature ci tat ions of each research paper should go back to 
what amounts to be prehistoric times. I do want , however, to draw your 
at tent ion to the fact that one can f ind in the old l i terature signif icant 
data which, if known to subsequent workers, could have accelerated later 
developments and I wou ld not be too surprised if fu ture historians wou ld 
f ind more recent examples of the same type. 

A case in po in t is the cuticle of Ascaris. Grube (1850) stated that i t 
consisted of ch i t in and the terms ch i t in or chi t inous were later o f ten 
used in connection w i t h it and other structures of the nematode body, 
such as the lining of the stoma and esophagus. And this despite the fact 
that Lassaigne had proven in 1843 that the cuticle of Ascaris, in contrast 
to the chi t in of insects, was solubil ized by potassium hydroxyde and 
despite the fact that he stated unequivocal ly that both do not have the 
same structure. In fairness to Grube i t should be ment ioned tha t Las-
saigne's observations on Ascaris were contained in a paper ent i t led "Sur 
le tissue tégumentaire des insectes de dif férents ordres", that is in a paper 
where one wou ld not expect to f ind data on worms. 
Another quite instructive example concerns the polysaccharides of asca-
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rids. The great French physiologist Claude Bernard established as early as 
1859 that glycogen occurs not only in the liver of vertebrates, but that i t 
can be demonstrated readily by qual i tat ive chemical methods and also 
histochemically by means of the iodine reaction in such parasites as 
Ascaris, Fasciola, Taenia, and larval cestodes. These f indings were imme-
diately forgot ten as indicated by the fact that the English physiologist Sir 
Michael Foster published in 1865 a paper in which he states exp l ic i t ly 
that, al though glycogen had been reported f r om numerous invertebrates, 
nobody so far not iced its occurrence in parasitic worms. He himself 
demonstrated i t qual i tat ively in an undetermined tapeworm and quant i ta-
t ively in Ascaris lumbricoides, but his f indings also made no lasting 
impression on his contemporaries. 

Gustav von Bunge, a scion of an old aristocratic Baltic fami ly w h o 
worked f irst in Dorpat, Estonia and later took the newly established 
chair of physiological chemistry at Basel, Switzerland, did not know 
about these o ld observations. He had f i rst become interested in the 
oxygen requirements of intestinal worms because he believed on theore-
tical grounds that the helminths of warm-blooded hosts wou ld have on ly 
minimal needs for oxygen. This view was based on the assumption that 
fermentative processes were the source of muscular act iv i ty and that 
oxidat ive processes were related pr imar i ly to heat product ion. He obser-
ved exper imental ly that various ascarid species survived anaerobic periods 
rather well and that the worms produced anaerobically large amounts of 
CO2 and an unident i f ied volati le acid (Bunge, 1883, 1889). He was 
however unable to hazard a guess as to the source of these metabolites. 
Had he been aware of the older work of Bernard or Foster, he un-
doubtedly wou ld have put t w o and two together and wou ld thus have 
been in a posit ion to anticipate Weinland's later f indings by more than a 
decade. 

Up t o the t ime of Bunge the chemical studies on helminths were 
confined to observations on their chemical composi t ion; he was the f i rs t 
to carry out experimental metabol ic studies. There are two reasons w h y 
Bunge d id not pursue this wo rk fur ther . First he found i t d i f f i cu l t t o 
secure suff ic ient fresh worms at Basel and secondly he immersed himself 
in his later years completely in the temperance movement. A biography 
of Bunge wr i t ten years after his death by an admirer of his ant ialcohol ic 
activities (Graeter, 1952) does not ment ion even w i t h a single word his 
work on free-living and parasitic invertebrates. 
Before turning to Weinland's achievements, I wou ld like t o emphasize 
that qui te a few addit ional chemical data can be found in the o ld 
helminthological l i terature. Time does not permi t to review them in any 
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detai l , but a few examples may il lustrate the type of data one can 
unearth. I ment ion f irst the calcareous corpuscles of cestodes. In an 
abstract of a paper presented by Doyère (1840) before the Société 
phi lomatique de Paris one f inds the statement that those of Echinococcus 
consist of calcium carbonate. A t the same t ime Gull iver (1840, 1841) 
studied the corpuscles of Cysticercus which he considered as the worms's 
eggs. He observed that they dissolve qu ick ly upon t reatment w i t h 
hydrochlor ic ( "mur ia t i c " ) and acetic acid w i t h p lent i fu l evolut ion of a 
gas. When the solut ion was treated w i t h sulfuric or oxalic acid a whi te 
precipitate was obtained. Küchenmeister (1851) d id not share Gull iver's 
view concerning the significance of these structures. He remarked that 
not all corpuscles consist of calcium carbonate, since he found that those 
of some species dissolve in acid w i thou t the evolvement of gas, indicating 
that they consist of calcium phosphate. Leuckart (1863) mentions in the 
f irst edi t ion of his famous book "D ie menschlichen Parasiten und die von 
ihnen herrührenden Krankhel ten" that a Dr. Naumann had investigated 
on his suggestion the inorganic substances of the Taenia marginata body 
which he thought could be referred largely to calcareous corpuscles. Dr. 
Naumann found mainly calcium salts accompanied by small amounts of 
magnesium, i ronoxyde, sodium and potassium which were bound to 
carbonic, phosphoric, hydrochlor ic, and sulfuric acid. I must admi t that I 
was to ta l ly unaware of these o ld observations when I f i rst isolated 
cestode calcareous corpuscles some 90 years after Gull iver's and Doyère's 
papers appeared. 

Quite a few addit ional old data can also be located for the cycts of 
Echinococcus, of which I w i l l ment ion only two . Heintz showed as early 
as 1850 that the hydat id f lu id contained succinic acid in the fo rm of 
sodium succinate, a f inding never mentioned when modern investigators 
discuss the product ion of succinic acid by cestodes. Some of the old 
investigators were also aware that the hydat id f lu id contains sugar. This 
was shown f irst for human infections by Bernard and Axenfe ld in 1857 
and conf i rmed in 1860 by Lücke who also showed that sugar could be 
liberated f rom the membranes by treatment w i th acid. Incidental ly, the 
Bernard just ment ioned is not the famous Claude Bernard, bu t an 
unknown Charles Bernard. The note by Bernard and Axenfe ld seemingly 
was not prepared by themselves, but appears to be a summary of a ta lk 
wr i t ten by the Secretary of the Société de Biologie de Paris. It was 
perhaps the latter who pointed out that the master himself, Claude 
Bernard, had already found previously sugar in the hydat id f lu id of 
sheep. 
With the except ion of Bunge's studies the above f indings had no 
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signif icant influence on subsequent developments in the f ie ld of helminth 
physiology. Bunge's studies are the one exception because they st imu-
lated Weinland to take up his just ly famous Ascaris investigations. Ernst 
Weinland worked at the turn of the century at the Physiological Inst i tute 
of the University Munich. It is not surprising that he was interested in 
this aspect of comparative physiology since as a son of the wel l known 
helminthologist David Weinland he had been exposed early to parasito-
logy and since he had not on ly an MD degree, but had also earned a 
Ph.D degree in zoology. He favored throughout his career the chemical 
approach to various life processes and relied almost exclusively on 
quant i tat ive gravimetr ic methods, whi le having l i t t le fa i th in the then 
available color imetr ic procedures. His interest centered largely around the 
metabolism of parasitic worms, but they were not conf ined t o them. He 
published for instance a series of papers dealing w i t h the metabolism of 
the f l y Calliphora and one of his last papers dealt w i t h the chemical 
composi t ion of hedgehogs after various periods of hibernat ion (Weinland, 
1925). His thorough knowledge of the f ie ld of comparative chemical 
physiology and his typical crit ical approach are wel l documented in a 
review he published in 1910 (Weinland, 1910). He had prepared a much 
more comprehensive treatise on the subject for Winterstein's Handbuch 
der vergleichenden Physiologie, when the outbreak of the f i rst wor ld war 
prevented its publ icat ion. A f te r the war Weinland tr ied to bring the 
manuscript up t o date, but because of rather poor health and his 
preoccupation w i t h preparing his daily physiology lecture to medical 
students and his involvement w i t h the turbu lent pol i t ics of these years he 
never f inished it. Final ly Winterstein commissioned others and the result 
was a rather hastily prepared and incomplete account of the vast f ie ld of 
comparative metabolism (Kestner and Plaut, 1924). 
However, on th is occasion we are interested pr imar i ly in Wein land's 
parasitological wo rk (Weinland, 1901 a, b, 1902 a, b, 1903, 1904, 
Weinland and Ritter, 1903). He started out by determining, w i t hou t 
knowledge of the earlier comparable studies, the glycogen content of 
various parasitic helminths and was impressed by the enormous quanti t ies 
stored by them. He then concentrated on Ascaris lumbricoides, esta-
blishing quanti tat ive relationships between glycogen disappearance during 
starvation and the product ion of both carbon dioxide and volati le acids. 
He f i rst thought that valeric acid was excreted almost exclusively; later 
on he recognized the acids as a mix ture of valeric and caproic acids. 
Since he observed that the metabol ic rate was about the same under 
aerobic and anaerobic condi t ions, he expressed the rather revolut ionary 
idea that Ascaris, other intestinal worms, but also free-living mud- and 
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swampdwellers do not require any molecular oxygen. He expressed this 
view perhaps most clearly in the lecture which he delivered according t o 
German custom before the assembled facul ty shor t ly after assuming the 
Professorship of Physiology at the University of Erlangen ("Akademische 
Ant r i t t s rede" , Weinland, 1913). He stated then: In these animals a supply 
of and a requirement for molecular oxygen is unnecessary for the 
funct ioning of their vi tal processes ("Bei diesen Tieren ist eine Zu fuh r 
und ein Bedarf von elementarem Sauerstoff für den Ab lauf der Lebens-
vorgänge nicht er forder l ich" ) . 

Weinland's approach to the Ascaris problem was comprehensive. Besides 
studying the overall carbohydrate metabolism, he also showed that the 
worms do not ut i l ize lipids for energy product ion , t h a t they do 
decompose nitrogenous substances, that they produce antienzymes, and 
that cell-free preparations show sti l l a fermentat ive metabolism. This 
work established h im as the foremost au thor i ty on parasite metabolism 
of his day and his work st imulated some other investigators to take up 
studies in the f ield. I ment ion here only a few of them: Schimmelpfennig 
(1903) studied the chemical composi t ion of Parascaris, von Kemnitz 
(1912) published a beautiful paper on the histochemical d is t r ibut ion of 
glycogen in Ascaris tissues. Ortner-Schönbach (1913) per formed a similar 
study on trematodes and cestodes, and Krummacher (1918) investigated 
the heat product ion of Ascaris. In these same years a few papers were 
also published that were only indirect ly inf luenced by Weinland's work , 
or had no connection w i t h i t at al l . The best known examples are the 
investigations of the German pharmacologist F lury (1912) on the che-
mistry and tox ico logy of Ascaris and the outstanding study of the 
French biologist Fauré-Fremiet (1913) on the chemistry of the Parascaris 
reproductive cycle. Fauré-Fremiet, incidental ly, is the on ly one of the 
early group of workers st i l l alive and sti l l active in research, although 
having left the f ie ld of parasite physiology years ago to concentrate on 
the fine structure of protozoa. 

We wi l l now examine br ief ly the reception accorded Weinland's views by 
the early workers. Not too surprisingly they were not accepted imme-
diately and fu l ly , but were questioned on various grounds. The f i rst po in t 
challenged concerned the product ion of volat i le acids by an animal. 
Fischer (1924) and Slater (1925, 1928) maintained tha t the t rue 
metabolic endproduct of Parascaris and Ascaris was lactic acid, just as i t 
is in the anaerobic metabolism of vertebrate tissues. The former found 
this to be true when he studied minced worms and in retrospect one can 
say that his observation was correct, but his interpretat ion was not. Saz 
and Lescure (1969) showed recently tha t the shi f t in metabolism 

6 



C O M P A R A T I V E BIOCHEMISTRY OF PARASITES 

7 

observed in minced or homogenized worms is due to disturbed segrega-
t ion of enzymes. Slater (1925, 1928), on the other hand, thought that 
the volati le acids found regularly in incubates of ascarids were fo rmed by 
bacterial act iv i ty. We know now that this assumption was incorrect, since 
Epps et al. showed in 1950 that axenized specimens of Ascaris produce 
large amounts of volat i le acids. 

In this respect then Weinland's views were fu l l y vindicated. They fared 
less wel l when his thesis was challenged that intestinal worms do not 
consume oxygen. Various workers work ing independently at about the 
same t ime disproved the po in t for various helminths. In so far as Ascaris 
specifically is concerned, a Belgian worker, Adam, now Head of the 
Section of recent Invertebrates at the Inst i tu t Royal des Sciences 
Naturelles de Belgique and work ing then in Jordan's laboratory at 
Utrecht showed in 1932 that female and male specimens as wel l as 
homogenized muscle tissues consume appreciable amounts of oxygen. 
Even earlier, namely in 1931, had oxygen consumpt ion been demonstra-
ted for the cestode Moniezia expansa by the Americans A l t and Tischer 
and in 1932 the German Harnisch showed that the trematode Fasciola 
hepatica uses oxygen. These, I believe, are the earliest relevant papers. 
Since then similar observations were reported fo r many addit ional species 
and today nobody doubts any more that intestinal as wel l as tissue 
helminths are capable of ut i l iz ing oxygen if they have access to i t . 
Another controversial point was, and to some extent sti l l is, the question 
whether intestinal worms lead in situ an anaerobic or an aerobic l i fe. 
Weinland of course maintained that they do not require oxygen, but this 
view was challenged repeatedly, in the older days pr imar i ly by Slater 
(1925) and Davey (1938). The former had observed that electrically 
st imulated ascarids survived better in the presence than the absence of 
oxygen and the latter established that small nematodes of the sheep 
intestine could be kept in v i t ro for longer periods aerobically than 
anaerobically. As I pointed out a long t ime ago (von Brand 1938 a) these 
opposing views are really not mutual ly exclusive but can be reconciled if 
one assumes that large intestinal worms because of their organisation and 
the low oxygen concentrations in their environment lead in nature a 
predominant ly anaerobic life whi le small parasites can gain in the same 
habitat signif icant amounts of oxygen. 

It should be emphasized that the assumption of a predominant ly 
anaerobic life of large helminths refers on ly to the mode of energy 
product ion. It is possible and even probable that the small amounts of 
oxygen which they can acquire under natural condi t ions may be quite 
important . Fairbairn (1970) emphasized the po in t in respect to the 
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collagen format ion of Ascaris wh ich depends on the funct ion ing of an 
oxygen requiring hydroxylase and the act iv i ty of the phenolase responsi-
ble for the tanning of the Fasciola egg shell may according to Moss 
(1970) account for qui te a high percentage o f the worm 's oxygen 
consumpt ion. But I don t want t o say more about these new f indings 
since it is today my task to review the accomplishments of the research 
done in days gone by. 

Looking back f rom the vantage point of the seventies on the research in 
helminth physiology done in the o ld days, that is about to the start of 
the second World War, one is struck by several facts. First on ly relatively 
few species served as experimental tools. These were the nematodes 
Ascaris and Parascaris, the trematode Fasciola, and the cestode Moniezia. 
Other species were studied on ly in isolated instances. Ment ion may be 
made of the interesting study of the Dioctophyme renale hemoglobin by 
Aducco (1889), the study of Bondouy (1910) on the chemical composi-
t ion of Sclerostomum equinum, Schopfer's (1932) investigations on the 
body f lu ids of various parasites or McCoy's (1930) analysis of the 
repiration of Ancylostoma larvae in dependence of temperature and other 
factors. During these years many more papers dealing w i t h one or the 
other physiological aspect of the main experimental animals ment ioned 
previously appeared. I list at this point on ly a few of them. Keil in 
described in 1925 the occurrence of cytochromes in Ascaris and Pintner 
(1922) and Stepanow-Grigoriew and Hoeppl i (1926) voiced di f ferent 
views concerning the physiological basis of the nematode's larval migra-
t ion through the host body. 

These last studies already have the second characteristic of the old 
studies. I refer t o the fact that usually entire animals, but occasionally 
also minced materials were used to investigate some phase of the overall 
metabolism, but that no studies on the intermediate metabolism were 
carried out . Examples are the studies on the respiration of Ascaris by 
Krueger (1936, 1937) or of Triaenophorus by Harnisch (1933), the 
metabolic studies on Ascaris by Schulte (1917), von Brand (1934) or 
Oesterlin (1937), the studies on the overall and respiratory metabolism of 
Fasciola by Flury and Leeb (1926) or Weinland and von Brand (1926) 
and of Moniezia by von Brand (1929, 1933 a) and Cook and Sharman 
(1930). 

The th i rd str iking fact about the o ld research is that very l i t t le was done 
to study in dept the influence of helminths on the metabolism of the 
host. True enough, relevant data can be found in the o ld medical 
l i terature, for example data on some blood or tissue const i tuents o f 
human patients infected w i t h Trichinella (Fuchs, 1922) or hookworms 
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(Rake, 1894, Donomae, 1927) or data on the metabolism, especially the 
nitrogenous excretions during these infections (Padoa, 1909, Markowicz 
and Bock, 1931 , Bohland, 1894). However, these and similar investiga-
t ions did not cont r ibute material ly t o an analysis of the inf luence of the 
parasites on the physiological processes of the host. The only really o ld 
experimental studies known to me are the investigations of F lury (1913) 
and Flury and Grol l (1913) on the influence of a Trichinella infect ion on 
the metabol ism, especially the nitrogen metabolism of the host. 
If we turn now to the biochemistry of parasitic protozoa we f ind that its 
development di f fered in various respects f rom that just described for 
helminth biochemistry. First, on ly very few really old investigations of a 
clearly chemical nature exist. This of course is not surprising but s imply 
a consequence of the fact that protozoa were d i f f i cu l t to secure in 
suff icient amounts and suff ic ient pur i ty in the days when modern 
micro-methods of analysis had not yet been developed. It is the more 
remarkable therefore that the just ly famous zoologist Bütschli was able 
to demonstrate in 1885 that the gregarine polysaccharide was water 
soluble, could be precipitated by alcohol and yielded a reducing sugar 
upon hydrolysis. The on ly other t ru ly o ld studies are dated 1911 and 
1913 and are due t o Panzer w h o studied in Vienna pr imar i ly the l ipids 
but t o some extent also the proteins of the coccidian Goussia gadi. I 
mention here on ly that he ident i f ied cholesterol and that he established 
the fact that the fa t t y acids and glycerides of the parasites di f fered 
dist inct ly f rom those of the host. 

Besides these isolated chemical studies quite- a few histochemical data 
concerning parasitic protozoa can be located in the o ld l i terature. 
Examples are the demonstrat ion of polysaccharides in gregarines by 
Maupas (1886), in rumen ciliates by Certes (1889) and parasitic amebas 
by Kuenen and Swellengrebel (1913), or the demonstrat ion of l ip id 
droplets and glycogen in verious sporozoa by Thélohan (1894), Cohn 
(1896), Brault and Loeper (1904), and others. A l l these studies however 
had no discernible influence on the subsequent developments. In contrast 
to what I said a moment ago about helminth physiology, physiological 
and biochemical studies of parasitic protozoa received their impetus f rom 
early investigations dealing w i th physiological and biochemical alterations 
sustained by parasitized hosts. These started early and in general pre-
ceded biochemical investigations on the protozoa themselves. To give an 
extreme example: The malarial pigment deposited in the organs of 
malarious patients was known for many years before the possible 
existence of an organism like a Plasmodium was even dreamed of. 
The history of the malaria pigment is long and exempli f ies the fact that 
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refinements in experimental technique can make older conclusions obso-
lete. A fu l l discussion of th is topic wou ld require a special lecture; I can 
mention on this occasion only a few of the o ld workers in this 
specialized f ie ld. Discolorat ion of the internal organs of malarious 
patients has been known for a long t ime. The earliest references quoted 
in the l i terature, which however were not available to me for checking, 
are the reports by Lancisi (1717), Stol l (1797), and some others. The 
origin of this dark pigment was widely discussed because two opposing 
views were proposed during the 19th century: The theory of splenic 
origin promulgated by Meckel (1847) and V i rchow (1849) and the 
theory of hematogenous or igin, usually ascribed to Planer (1854). 
Incidental ly, i t is by no means certain that all the above workers were 
always dealing w i t h cases of chronic malaria. Indeed Meckel's (1847) 
autopsy report concerned an insane woman who had been conf ined for 
many years in a mental inst i tu t ion and who was not known to have 
suffered f rom malaria. This was emphasized by Meckel himself when he 
described a few years later (Meckel, 1850) the regular appearance of 
pigment in the spleen and the blood of malarious patients, but V i rchow 
(1849) stated clearly that some of his autopsy cases had suffered f rom 
intermit tens as he called malaria. Neither Meckel (1847, 1850) nor 
V i rchow (1849) expressed defini te views as to the chemical nature of the 
pigment. The former, however, made solubi l i ty tests and observed color 
changes of the pigment under the influence of acids and alkali . From 
reading his papers one gets the impression that he allied the pigment t o 
the socalled melanotic pigments. For obvious reasons these old investiga-
tors took i t for granted that the human body itself produced the 
pigment. This changed of course very soon after the malaria parasites had 
been detected and the view was generally accepted that the pigment was 
derived f rom the hemoglobin of the host erythrocytes and was formed 
w i th in the parasites. 

For years the view persisted that the malarial pigment was a melanin, 
that is, an iron-free pigment (e.g. Schridde, 1921), but doubts began to 
appear as evidenced by the fact that new names were coined for it. Ross 
(1910) called i t plasmodin, Askanazy (1921) haemo-melanin, and even-
tual ly the now current name, hemozoin, was generally accepted. The 
reasons for f inal ly abandoning the o ld view were on the one hand 
differences in solubi l i t ies and reactions to the bleaching act ion of 
oxidizing between the malarial pigment and genuine melanin (Brown, 
1911, and others) and on the other hand chemical and spectroscopic data 
which seemed to indicate close resemblance or even ident i ty of malaria 
pigment and hematin (Carbone, 1891 , Ascol i , 1910, Brown, 1911 , and 
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