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SUMMARY

1. A study has been made on the pathopeneas of the
spleen in P gallinacennt infection in chichs and dat ave bees
indicate the formation of allolydroxy-l-proline,

2. The formation of dinsterio-isomers of wminosacidy which are foww
Uy cells has been comsidered as one of the factors o the 700 W
malaria.

3. “The significance of these findings in relation o severad other Lastors
available in literature has been cted and concluded tut g e A
is operating in these varied conditions.

4. 1t has been coneluded that the by dro-therntic stability and © .
seem to reside in active () hydrosy-proline und €, L €, Oy wier
atomic distances scems to be concerned in the ditectiond . o
of cytoplasmic materiuls and water.

The spleen is an organ which has been known for a fong me pust s pave
eminently suited Lo deal with the effete products which find their was indo the W
stream which is thus restored to fts original condition. 1t has sl bees
established that it is one of the most important plices in the bady whers
products, chemical, metabolic or otherwise, are offcetiveln denlt with whey  the
latter are brought to it. Furthermore. the spieen has lutely guivod  consderable
importance as the primary centre for (he production of antibodics whick are als
solutely important for the defence of the animal body aguinsg miceuhial or other
parasitic invasion. For the performance of the above mentioned funcions, ibe
organ is provided with special groups of cellular clements which forms 5 vory ehise
racteristic structural unit in the anaiomy of the spleen in the cells of thy rticulee
endothelial system. These cells are always in sufffciently large anmbor o cape
with the usual need of the anbmal under normal conditions.  Bur uuder ahoormal
circumstances cither brought about by infections or by the prewence of foreign
particulate materials resulting therefrom as in malaria or other virsl mfactions or
introduced to the body by artificial means as in vital staining, farge amoun of
extra work is thrown on the spleen which reacts 1o the increased demand by putting
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forth a large number of its vital cellular elements. Such increased output of cells
of the reticulo-endothelial system is only possible because of their enormous po-
lentialitics of rapid multiplication and in developing a Jarger amount of cytoplasm
in their bodies. While these activities are manifest to cope with an abnormal
situation, an adequate supply of nutriments, e.g.. glucose or essential metabolites,
and oxygen and an equally adequate provision for removal of products of celtular
metabolism must be made available and these are brought about by a greater flow
both in the arterial and venous systems as well as by dilatation of the existing vas-
cular channels peculiar to the spleen.  The net result of all the above changes
is an increase in the volume of the organ which is manifested by an enlarged
spleen,

It will be seen that the essential underlying basis of splenic enlargements in the
migjority of instances is a physiological hypertrophy to start with and lasts for a
comparatively short or long period according to varying circumstances. If on
the other hand, the above factors continue to operate either continuously or re-
peatedly at frequent intervals the resulting pathological alternations will pari passu
not only be taking place in increasing intensity, but will become more or less of a
permanent nature.  The inevitable result of this change is that the splenic capsule
and its trabaculee are increased in number and also in a thickened capsule. Such
splenic enlargements, therefore, do not disappear or take a long time to do so, even
after the provocating stimulus has ceased to exist.

In order to perform the several functions mentioned the splenic tissue is en-
dowed with a large amount of collagenous tissue interspersed among its structural
units, Thus it busically comes to the consideration of the role of collagen compo-
nent in biological material and its special role in the spleen.

Enormous amount of data on the collagen has been accumulating since the
structural studies by W. T. Astbury (1940), Pauling and Corey (1951) and Bear
(1952).  Further progress became possible with the advent of complete data on the
amine-acid composition of mammalian collagen [Bowes and Kenton (1948)] and
the corresponding data for fish collagen [Neuman (1949)]. The main differ-
ence between collagen of mammals and teleosts is the low content of hydroxy pro-
Jine (9°7) of fish skin collagen—hallibut, [Neuman and Logan (1950)], Shark,
Borasky (1955)--compared to the figure of 149/ for bovine collagen, apart from
minor divergences in amino acids present in small amounts of other hydroxy amino-
acids such as serine, threonine and hydroxy-lysine [Vanslyke (1941)] and methionine
[Neuman (1949)]. An excellent discussion on these points are to be found in an
article by Gustavson (1955).

Diuring the course of study of carbohydrate metabolism of the malarjal parasite
both in the blood and splecn. the unusual amount of hydroxy-proline were noted
in all the carbohydrate fractions which attracted attention. The observations made
during the course of this study has been reported here because of its unusual interest
and significance.
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MaTtRIALY aniy Mrpnns

Chicks 8 12 weeks ofd were used tor the purposs ol
of the malarial purasiic £ s which wis abtuned
branch of the Maluriz Reweareh Institute, Coonuer, s mas
the method of maintaining the strain o chicks wie the sanw o
(Ramasswamy of ol 1930)

Pupcv‘ hiodratoncenin, Clreular Paper Chrong o o

Giri ez al. (19 wits used using Whatman Noo T silter paper &
and chromatograms developed with s-hutinelacets ay u} RS gs
as deseribed by Ruo and Wadlvwani (1954, This posol ;
well from other amino-peids especialis rsptopls e $
with 0-19, ninhydsin in 957, wqueous sevione and Busted ot 6t ¢
Isatin reagent {Acher o ol 1950) mud diph
and Suvage, 1952) and also peanisidine Bydrodi Donde Pt
used {(Hough er ., 1950) to deteet carbohadraie Fragtions,

Scanpling of tissue for chromatosrepfie. The animihs wers
day of high parasitemia in the (4 5 day) peripheral howd, B
seeted oul and materials from two or three ehicks were pooled Pt
genised v a small quantity (2 e} of 2% sodiune eitvate wolation and sade
10 ¢, with N2 potassium hydroxide und allowed to dipes the
The lipoids are extracted with ethanob-cther [Diseha und Onges 114
steps were followed as deseribed by Glegg (1954,

dorg

IR

Analytical reageits.— Awthentic samples of hadros ard

L-proline were used as markers tor chromatogry

¥

arad chongtcnd Tt

PXPERINIENTAL

The splenic tissue homogenates were fractionated acvonie - o e
in Fig. L. The fractions 1. 2 and 3 were hrumu'nm.xy had 1 sdesct
proline and carbohydrates.  Fraction 2 contained preater
proline and 1 and 3 contained smaller amounts.  The presesce of 0 0 0
in normal spleen was found (o be negligible, whercas infected tissww <bowed nearty
5 times the amount shown in the normal tissue.  The niabydsdn spraying rogeat
showed an uncharacteristic pale yellowish brown colour, which deman trated et
the nature of hydroxy-proline was not nawral in its behaviour

HYATEE {3

Isolation by paper chromatography.—A sample of fraction I win Lo vt
at the centre of a Whatman No. 3 (dise 25 em.) paper and wis sataratiid o capadits
and was developed with n-butanol-acetic acid-water sofvent, T Poofroe
band was cut out by means of guide strips sprayed with uix oy betore, e
indicate the position of the amino-acid. A number of them were estracied wish
75% ethanol, and evaporation of the solvent gave a residuw comnndvine bydrogy-
proline with traces of threonine and Iysine, The amount of muterisl ohimindhie
was of the order of 2-3 mg, only by these methods.  Crystaliisation of this materiut

ST
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Fre. 1. Schemeta for fractionation of spleen (Chick).

Spleen Homogenate
| N/2 KOH @ days)
i

‘ \
50% Alcohol Filtrate

|
. 184% Alcohol + 1% Sodium
Fraction T {pptd.) 4% % Acetate
! !
Fraction II (pptd.) Filtrate (Fraction IIT)

was very c-h'fﬁculi but formation of crystals could be found after 7-8 days when kept
in a dessicator and dehydrated over calcium chloride. The typical erystals ob-
tained are given in Plate T,

Hdentification of the amino-acid as allohydraxy-L-proline complex.~The crystals
obtained from the spleen was compared with synthetic allohydroxy-L-proline
(Robinson and Greenstein, 1952; Radhakrishnan and Gird, 1954) under the micro-
scope. 1t was found to be identical with authentic sample of allohydroxy-L-proline.
The amino-acid was not easily soluble in water, relatively insoluble in absolute
ethunol and nr-butanol. The isolated amino-acid was optically inactive (observed
over 20 min. in water), The isolated material gave positive tests for allo(-)
hydroxy-proline m.p. 248" C. (sinters).

Reaction with ninhydrin and isatin reagents (Neuberger, 1945)

L{-)hydroxy-proline Allo(-)hydroxy-L-proline
In Glacial o In Glacial i
Acstic acid In Pyridine Acetic acid In Pyridine
1. Isatin reagent Orange red Red Orange red Intense red
2. Ninhydrin Yellow Transient red, Yellow Yellow colour
reagent later turns on warming,
yellow alkali stabi-
lises
3. Diazotised Slowly turns yellow on Quickly turns deep orange red
sulphanilic warming on warming

acid in alkali

In addition to the work presented other tests performed on splenic fraction 2 has
been tabulated as in Table L.
ab
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Colour tests on alkaline hydrolysate of spleen fructions (chicksy

1.

2

oy

9.
4.

Colonr Tests

Ninhydrin Reagent

Jsatin Reagent

Fehling's solution
Nepman and Logan
Test

Diphenylamine
Test

Oreinol Reagent
P-anisidine Reagent

Silver nftrate in albali
Iduform Test

. .
Caretenoides

Non-reduciag

Broad band

Non-reducing

Broad band

Broad band

Fr. 3 Remarks

Uncharacteristic colaur

Do,
Noo-reducing Anhydro or Glyeol or Glyew-

seen of sugars

Broad hund  Dz-ox ribose aad Hevowee
nil

Pentgaes pi]

9%

W
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Estimation of collagen as hydroxy-proline by the method of Neuman and Logan
(1950 showed very anomalous results.  The authentic sample of allo(-)hydroxy-
L-prolinc showed good colour development (uncharacteristic dull orange) accord-
ing to the method of Neuman and Logan (1950). The method as such for the
natural material was not applicable, but was found to give lower values but after
hydrolysis of the natural material with 2+5 N sodium hydroxide for 5 min. and later
the complexing material was precipitated with acetone and pyridine in the presence
of alcohol and the pyridine fraction was found to give positive hydroxy-proline
test,  The results are given in Table 1I.

TasLe II
Collagen and hydroxy-proline content in chicks

Spleen
Chicks Collagen &,
(50 gm. B.W.) on nitrogen Net wt. (av.) Hydroxy-proline
in mg. ¥/l gm. wet wt.
Normal (3) - 6-7% 75-90 50-75
Infected (3) . .. 230-350 400-500
Discussion

The collagen group of proteins is characterised by the presence of proline and
hydroxy-proline and the paucity of aromatic amino-acids. Particularly the esti-
mation of hydroxy-proline for the characterisation of collagen has been well recog-
nised (Neuman and Logan, 1950; Robertson, 1950, 1952; Robertson and Schwartz,
1933). The great variation of hydroxy-proline content of collagen from various
sources from 6-14% necessitates the consideration of the significance of hydroxy-
proline in biological materials.

As a result of the pioneer work of Gustavson (1955) and Takahashi and Tanaka
(1953) it is known that the fish collagen forms two distinct groups as regards their
hydro-thermal stability. (1) The eold and deep water fishes for which T, (shrinkage
temperature) of skins ranges between 37-45° C. and (2) the warm and surface
water fishes between 50-57° C.  The bovine and human skin require temperatures
of about 65°C, to show thermal shrinkage. The detailed consideration of the
amino-acid composition of mammalian collagen (Bowes and Kenton, 1948) and of
fish collagen (Neuman, 1949) has revealed interesting data on the structure of
collugen itself (Gustavson, 1955). 1t has been settled in a large measure that the
marked differences in the hydro-thermal stability of bovine skin and fish collagen
is due to molecular architecture than to differences in amino-acid composition.
The results from investigation of numerous species of fishes have shown that hydro-
thermal stabilty and hydroxy-proline content of collagen are intimately connected
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together (Gustavson, 1955y, It the hydroxy-groups of the rosdis ot the Bustreisy .

amino-acids enter into interchain hydrogen bonding with wape oilar gtoups Lo
example the €O NH  Hokage. the stubility of the oz sndd B st
1o inerease with the ingrease in the contend of hadoos, g0 whicl by actudils
is the case (Gustavson, 1983 The data availuble m hwr.«mw

tog,uhx.r with the uvhservations recorded here, seem (o revedd o bas iy wihseh
is operating fn biological materials, than what i dcnmm!r.xmz By dnddnewepredine
atone,

§

i opantatdered

A phenomenon of comiderahie interest in this connection s e Sefation o
anthocyanin pigments in plants especially in what wre catted sgnimeal volorainm,
The anthocyanin pigment formation hay again been linked up wuli © 7 7
environment which is anomalous, ‘The pigment forpution hears out he o SN
that increase of anthoevanin is correlated with the Lovedorad 0 ndaw,
1925 and Robertson and  Robinson,  1929), Al such wisn o
known to be brought about by mechanical injury or attachs of f [EETIS
The formation of pigment in Cuscwta (Parasitic plantt by Mirasde 11890 sbowe
that the reddening of leaves varies in ditferent spretes. but s i wavke speeres
according to the host on which it grows,  For instanee, Uw saie specios sroummy
on Sumbucus nigra (poor in sugar) and Fersythiv viecidivma isupar pivhy breonins
green on the former, but very red on the fatter.  Hunve Mirande vostidee that the
development of the purasite plant and reddening s correlatad with mm«* PIrie,
Severe frost also has been shown to lead to accumulation of umw-d ol
which are not normally formed in the beet plant,  Raflinose vontent in bw% plm,!
hag been reported to be increased by such disturhanees as thosw ceused By stalden
frost (Armstrong. 1924}, Bacon. Buldwin and Bell (1943 found that o0
with a chain of 12-glucose unity was  synthesised by tusting ruhbits when ;'imme
or fructose was administered.  The administration of palecio o o awnts howewer
Jed to the formation of 18-unit ghycogen. D, G, Steyn (19400 from Seuth Afscs
also reports poisoning of cattle and sheep when they graze on fross damaged plants,
The occurrence of crystatline melezitose in honey dew during seiseast pennds of
drought has been reported and bees fed on this and nectar from otler fowrnny
plants are reported to have led to heavy mortality (Stacey. 19465

3y

Distribution af hydroxy-proline.~The presence of free To dioas aaa e s s
been reported to occur in pollens collected by bees (Auclair and Jumicson, 1948),
in prunes (Joslyn and Stepka, 1949), in the hamoly mpli of Do S smefumonsevece
(Auclair and ‘Dubreuil, 1953y in the blood and malpighiun tubes of the furve of
Bombyx mori L. infected with polyhedral discase (Drithon, Busnel and Vago, 19511
In the combined state it is known to be present in alfalfa proteins (Stowand Uhompe
son and Miller, 1951) protein from vacuum dried Sereing hewa [Belonrshii er af.
(1943)], in sugar beet prolein (Sisakyan, Bezinger and Kuvaeva, 19511 in proteins
of the insect cuticle [Hackman (1953)], in dentine protein {Losee Neldig and Hess,
1951) and among enzymes in horse-radish peroxidase (Maehly and Paletis, 1950}
The hydroxy-proline obtained in natural materials has been definitely identified and
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characterised only in two instances known to us. Wieland and Witkop (1940) has
isolated from death cap fungus Amanita phalloides, a toxic peptide named phalloi-
dine and Giri and Radhakrishnan (1954) from the leaves of Santalum album. Both
contain 1 (-)allohydroxy-proline which is quite unusual.

Biological activity has been reported by A. Steinberg in his study on tobacco
plants to cause inhibition of flowering and fruiting in N. rusfica and also teports
toxic action on tobacco seedlings (1950, 1951). Whether these factors are operative
in inhibiting regeneration of new cells in the malarial splecn and other tissues like
bone-marrow require further study.

The uneguivocal interpretation of the data now available is not simple and often
involves additional data which is not readily available. The differences in the
various diasterio-isomers of amino-acids as regards biological activity require care-
ful clucidation.  Whether there may not be other factors than the mere presence
of these non-polar diasterio-isomeric amino-acids, only future research can decide.
Experiments recognising this difficulty if successful should permit more exact
dilineation of the basic factor working in these varied conditions. The role of the
sugar molecule with hydroxy-proline residue shows that the carbohydrate meta-
bolism here is linked in unique manner. It has been tentatively suggested that the
hydroxy-proline residue is in the form of a complex with L-ribose complex and the
data on which this conclusion is based will be communicated later on.

4
J,ll(', s (Of] HHI—'——~ICH2
it !
\ [ 2 éOOli e H, Ci\)CH COOH
a0 CH.C -
'(r.'\/ /« N

NIT OH---NH
e +
Hydroxy-Le-proline Allo-Hydroxy-T-proline
A 260 mu~—re A 250 mptoe

The basic fact which emerges from a careful consideration of the data presented
seems 1o involve Cy—Cy and C—C, atoms of hydroxy-proline in a specific manner.
The inter atomic distances between Cy—C, and C,—C, atoms of the hydroxy-pro-
Jine molecule is the deciding factor which is responsible for the manifold pheno-
menon exhibited by the collagen. Whether this conclusion can be valid in the case of
other molecules only further research on this matter will decide. Howeve;, the
"~Cy and Cp~C, inter atomic distances are affected under different COIIldltiOIlS
of temperature, hydration with association of molecular water, hydrog§n-1on con-
centration and the presence or absence of nutriments like glucose, Acalcmm OI[and
enzymes and vitamins and also in the presence of e?ectrolytes especially pgtassmm.
Support for such an assumption seems to be possible as from the Cht?m.lcal data
(unpublished observations) and physical data as carbon—carbon bond distances has
been known to be dependent on the environments (Herzberg, Patat and Verlager,




70 A S, Rasmaswarny

1937). When abnormal metabolites are formed they seem e by t’m Wy et ol the
system as clectrically neutral molecukes as in the vuse of allatad - A
1t is quite possible that allohydroxy-l-proline presents o certim g*‘ww LTS SIS
of the hydroxy-proline molkeule in nuturdl materals. Such o pesosibulity s ne
inconsistent as glucose is known to exist in the s-form in bt He o fene
tatively suggested that hydrosy-proline ean oveur in threw foemes o0 0 toatore,
as given below. Here seems 1o he g unique material which shows the wtmute
nature of chemical constitution and biolupical activity.

R +

e [r‘;r N,(f+ A4
% u 4
HLC CH \\ ?/’y
o HEN cooH es” o
e "
L (=) Allohydroxy-protine # Clownples, Unintabibe forns of Jiysisaas poobne

The behaviour of these materinls in normal and  paiholooh O vm«dmwm i
tissues will alone lead to a betler understanding of physivlogical wnd « 000
proeesses in the body. The implication of these findings weems 1o be fur - "0 aw
importance s it is likely to provide a fuller and betwer undesstanding of the basis
of sensation and ils ramifications are co~exiensive,
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