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! THE EFFECT OF PHYLLOERYTHRIN ON BLOOD FORMATION

by
Robert Reed McNary
Department of Biochemistry,‘University of Cincinnati.

Introduction. e

For many years it haé been common knowledge among
dietitlians, physiclans and the public in general that cer-
tain gréen vegetables such as cabbage, beet gieens, lettuce,
etc., have merit in a diet. The reagon for this was not
clear until about twenty-five years ago, when vitemins were
discovered. These vitamins, which are necessary for. nor-
mal. growth, reproduction and health, are found,‘in»vary;ng
amounts, in nearly all frésh green vegetables and fruits,
The érgennesg of these vegetables, however, 1s not due to
the vitamins but to chlorophyll; and while certain vita-
mins, such as A and C seem to be assoclated in some way
with chlorophyll, chlorophyll 1tselfJié not a necessary
cénstituent of the diet. Animals, including man, can ex-
ist, grow and reproduce in a perfectly-norm#l manner on a
diet free from chloroéhyll althauéh‘ali such diefs con-
tain the precursdrs of chlorophyll'and also pbrphyriné,““"
closely allied in nature to part of the chlorophyll -

.~
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molecule. But chlorophyll itself cannot be called a,vita;
min or a necessary food substance. _

However, the possibility still remains that chloro-
phyll might have a definite influence.on either normal or
pathological metabolism, More especially, since chloro-
phyll does have a close chemical relationship to heme, the
red pigment material 1n mammalien blood, it is conceivable
that chlorophyll might, in some way, exert a beneficial in-
fluence on blood zstabolism and might possibly contribute
some part of itself to make heme, Indeed, fhe possible
food value of chlorophyll has been the subject of consider-
able study as will be outlined later.

- 8ince chlorophyll has never been known.to be ab- ' -
sorbed unchanged by any mammal, and since certain*decbmpo—
sition products of chlorophyll are known to:be absorbed;.
it would seem reasonable to suspect that if chlorophyll had
any nutritive action it would be in consequence of these
absorbed products of chlorophyll decompositioﬁ.:, This con-
cept formed the basis upon which the present research was
carried out. S

C e

I. The Physiological Effects of Chlorophyll, .-

Koichi Miyadera (1921) stated that chlorophyll dis-
solved in olive oil produces'a éiight brach&cardia in the

-re
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heart of the frog. The chlorgpﬁyll was extracted from
nettle leaves with ether,. the carotinolds separated by
treatment of the ether solution with aqueous alcohol and
the residue from the evaporation of this solution was dis-
gsolved in olive oil. The thorax of the frog was opened
and the pericardium lald bare. The point of the heart was
attached to a heart lever, the excursiona of which were re-
corded on a kymograph. The chlorOphyllAin olive oil,was“
allowed to drop slowly onto the surface of the heart N

9 Roenigsfeld (1922) found that the excretion of phosphates
and sulphates in the urine in man is slightly increased
after the ingestion of chlorophyll in the'férmvofhghlo;osan-
Biirgl pills which contain extracted chlorophyll. .. The uri-
nary_nitfogen values were not increased but the p}prdgg# ‘
excretion in the feces was ilncreased. Gordonoff (1925),
as the result of his expgrimeqts goncluded that ch}orophyll
has a stimilating effept on all tpegﬁody,pyggps, not merg}y
on.the blood-regenerating tissue. Gordonoff and Hosokawa
(1925) reported that the addition of colloidal éhlorpphyll
or of chlorophyll-sodium to Ringer's solution increases
the activity of a frog nerve-muscle prepaiaf;on, the re-
sult being the same whether the chlorophyll is applied to -
the muscle or to the nerve. An exhausted nerve-muscle

preparation commences to contract again when colloidal . .

-
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chlorophyll or chlorophyll-sodium is added. Gordonoff '
(1927) also found that chlorophyll increases the contrac-
t11ity of the isolated frog heart in concentrations of
1:20,000, the action being on the heart muscle. There 1s
a similar action on intestine and muscle preparations.
Rydin (1928) reported that the subcutaneous injection of
0.01 gram of sodiumﬁchlordphyllate dissolved in physiolog-.

" ical salt solution increased the elimination of carbon di-
oxide and the absorption of oxygen in both normsl and thy-
roidectomized rats. His opinion was that chloiophyli
acted as a general cellular stimulant having the power of
increasing the fundamental metabolism of the cells, In
comparison with thyroxine the stimulation of respiratory
metabolism by chlorophyll was slight and it did not affect
the body weight. | . | '

Blirgt (1927) used his chlorophyll preparation
(chlorosan-Biirgl) in the treatment of arteriosclerosis with
the result that a lowered blood pressure and a more normal
blood picture were obtained. Lorenzi (1931) found that
chlorophyll caused a constant decrease of the blood pressure
in hypertension and this was associated with dilation of the
blood vessels. = ‘ B ‘

The most thorough investigation of the pharmaco-
logical action of chlorophyll was published by Rentz (1927,

1929a). His summary and conclusions are as follows:

.re
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1. "Chlorophyll in weak or moderate (for example
1:125,000, dissolved in Tyrode solution) doses has a motor .
effect on the intestine, uterus and heart. Larger doses.
'(1:2400) have an inhibitory action on the intestine of the
rabbit, resulting in a paresis. On the uterus of the
rabbit even the strongest doses tested havé a decided motor
effect, entailing a marked increase in the tonus and as a
rule a more vigofous automatism,

"Chlorophyll introduced into the frog's heart:
'causes a brief primary reduction of the volume of ,contrac-
tion, followed by an increase, which is often combined with
a slight diminution of frequency.: ‘

- 2. "Atropinization of\the-preparation from the in-
testine or uterus reduces very slightly fhe motor action of
the chlorophyll, whence it may.be presumed that this action
mainly affects the muscles. - Nor does "ergotaminization®
of the.frog's heart affect the stimilative action of the
chlorophyll on the latter, which indicates that in this
case also bhlorophyll acts principally-on_the miscles.
Beeing that chlorophyll does nof.change the,effectAof para-—.
sympathetic excitants on the,intestine;-it_Seems that in -
the dosage used, chlorophyll does not change the stimulus . -
of the parasympathetic innervation. . . |

3. "The inhibitory action of adrenalin on the in-

testine of the rabbit, as well as its motor effect on the

.1
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uterus of the rabbit, is greatly prolonged by the simil-
taneous addition of chlorophyll, On the other hand, moder-
ate doses of chlorophyll do not change the effect of adren-
aline on the frog's heart. gtrong doses of chlorophyll,
however, neutralize the powerfully stimulative effect of
adrenaline on the heart, due to action on the sympathetic
nerve, as well as the vagotrope effect, due to irritation
of the vagus nerve. The reaction is, however, reversibdble.
4. "Chlorophyll has a powerful dilating effect on
the blood vessels of the frog. Nevertheless chlorophyll"
has & capaclty for stronsly potentizing the constrictive
action of adrenalin on the vessels, énd 1ndeéd is able to
convert weak doses of adrenzlin, which otherwise haveka di-
lating action on the vessels, into constrictive agents.
Seeing that the effect of barium chloride on the vessels
is not analogously potentized by the simultaneous addition
of chlorophyll, the cause of the potentizing of the ﬁdrenalin
must be looked for in a changé of the elements on which
adrenalin has an irritating action. . . f
5._"It_may‘thgrefore be presumed thattcplorophyl;
produces increased irritation - - wifhout_;tself having any
appreciable irritating effect ~ - on the sympathet10~nerve-
endings in the intestine and uterus o£ the,rabb1t, and in the

blood vessels of the frog.
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6. "The effect of chlorophyll on the increase of '
the blood-pressure is rather insignificant: very large doses
actually entail a marked reduction of the blood-pressure, -
The respiration is affected very slightly, moderate doses
having a weakly stimulative effect, very strong doses & -
paretic effect. The blood-vessels of the intestine and
kidney are dilated by weak and moderete doses, whereas very
strong doses may contract then. The blood-vessels of the
extremities, on the other hand, are as a rule séarcely af-"
fected a2t all; where there 1s any appreciable effect, 1t is. -
of a constrictive nature.

7. “Whereas:in the rabbit chlorophyll is unable to-
make any change in éhe efficacy of a following injection of -
adrenalin, the reverse is the case with the cat. - In the
latter chlorophyll entails a marked enhancement of the ef-
fect of 'a subsequent injection of adrenalin on the increase
of the blood-pressure and the contraction of the blood-. '
vessels."

The effect of chlorophyll on the blood of normal
rabbits 2lso was studled by Rentz (1927, 1928, 1929b). He
says: “Subcutanéouswinjedtidné'bf‘chlordphyii'--'nOn-fécnrring
or repeated -— into the rébbit:prcdﬁée very rémarkable
changes in the blood picture. They gradually give Tige to

a very pronounced thrombocytosis, which Teaches extremely

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



high figures, and is of rather long duration. The intra-
venous injections entail analogoué effects, but are at-
tended by a primary thrombopenia, which ig developed 1p the
course of the first hour after the injection, and then
passes into thrombocytosis, The number of leukocytes is
likewlse increased, though not in anything like as marked
a degree as that of the th:ombocytes;,mofeover,only the
stronger dosages éppear'£o>bé;e£féctive'1n this réspeét{
Both polymorphonuclear and mononuclear léﬁkOCYtés take part
in this leukocytosis, sometimee chiefly or solely the former.
“Chlorophyll thus brings about a.strong irritation
of that part of the bone marrow which produces the thrombo-
cytes (megakaryocytes), as is also indicated by the increase
in the nurber of the polymorphonuclear leukocytes. But
also other organs belonging to thevleukOpoietic.sYstem are
apparently affected by chiordphyll.“

- - Besldes the effect of chlorophyll-on the leukocytes
and - thrombocytes, it has been claimed that this substance
stimlates erythrocyte production and HaS'growth-promoting
properties. The chief protagonist“on~tﬁis‘subject is
Emil Birgi. He, and his followers, recommend that chloro-
phyll be used as an excellent specific for 1nf1uencing~::,
anemias of various kinds, for bettering the general condi-

tion of health, for improving the action of the heart, -

@
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for reducing the blood-pressure in éases where'it is ab-". .
normally high, etc.
- Blirgi's publications on’ this subject.began in 1916.
In this peper he describes the difficulty of adding.chloro-
phyll to the diet so that 1t can'be reé§1iy assimilated,
since it is totally insoluble in. aqueous solvents.:
KR "After much difficulty, we ‘succeeded 1n. obtaining .
a pharmacologically unobjectionable chlorophyll from a uni-
formly superior plant materisl by means of ‘an.especial ex-
traction procedure, nhich shall ‘be reported in another
place." R R
However, a search of»anyipublicationisincé then has failed
" to reveal the details of “the process,. - In most of Biirgli's"
work'chlordphyll’was’administeredlinlthe~form'qf‘pills -
which were éiven the tradefhémé'of‘éhlorosaq;Eﬁrgi;v“These
contained 0.03 gram'of’chioroth11 and 0,005 gram of iron
per pill; éndiwérélenCIOSediin"a'green;coloréd'sugérvcoat-
'158’(cf.3Bﬁfg1;£1918)1' ~In gome of-his eérly'experiments
the iron was omitted.from the pills, Loffler (see:
Kitahara, 1925)estimated the smount of pure chlorophyll i
in’chlorosan~Bﬁrg1”to be 1.25 mg, per 5111 and indicated”
that Biirgi's value.also.included chlo*ophyll decomposition
products. - The greater. absorption of. the chlorOphyll from .
these pills was shown by Kitehara in'1925. . The appearance
of ‘porphyrins-in the urine (of men) was taken as an indi- .
cation‘6f'appreciable‘absorpfioh;'  No porphyrins were.

found after feeding elther raw- or- cooked spinach or.
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cabbage., A positive test was obtained after the ingestion
of the fluid of macerated, uncooked spinach or cabbage, but
not £rom cooked. The ingestion of 0,2 gm of pheophytin or
of 12 chlorosan pills gave a positive test., Six pills
were insufficient to give a positive test. The amount of
chlorophyll contained in the spinach or cabbage which was
consumed far exceeded the amount in the 12 chlorosan pills,
Thus the absorption of chlorophyll from ingested green
leaves is very slight and is probably due to the fact that
the pigment. 18 enclosed in the cellulose cell-walls and is
not released from the cells during digestion. The ab- :
sorption of chlorophyll from the julce of macerated leaves
or‘fromAextracted chlorophyll is many tiﬁes greater. .-
Grigoriew (1919) published his results on the ef-
fect of chlorophyll and iron on the red blood cell count
- of normsl and naturally anemic rabbits. ' He found thaf'
chlorophyll in the form of pheophytin had an erythropoletic
effect, as did iron, and the combination of the two was more
effective 'than either alone., At the same time Birgl and
Traczewsk11(1919) 1nveetigated the effect of chlorophyll on

rabbits made anemic by.bleeding and by 1njecfion of phenyl-

hydrazine, The pigment was administered as unchanged
chlorophyll prepared by Willstitter's extraction procedure,
as pheophytin and as chlorosan-Biirgl. It was found that

chlorophyll as well as iron, when given in large doses

-t
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possessed a blood-forming capacity, and were equally:ef- .
fective in the two types of anemia studied. Small doses
of chlorophyll were . found to possess a "sensitizing" ef-
fect on the action of iron in the production of blood cells,

ror his anemia studies, Bilrgli thought at first
that chlorophyll could be transformed by the animal body
into the red blood pigment becauge the two pigments have
a rezarkadbly close chezical rooerblance, and since he
found that chlorophyll increased the production of red
dlood cells, It was necoessary, however, in a later paper
(1928) for hizs to modify this theory to that of a stimila-
tion effcot of chlorophyll on hezatopolesis,

In 1930, Birg! assoociated ochlorophyll with vitamin
A, ta o0 & vitasin A=free diet wero eaid to {mmediatn-
1y inorense in wolght anl alze after the ad=inletration of
sure ehlorophyll, pheophytin, ehlorophyll aslta, chlorosan,
end phyllosan,  The effedt was exalily analogoua %0 the
effe3l 0f tviller, Tho €07179) animale dled, MHowever,
cxleroriyll {} alware seeadotatet with the carotinold ple-
neste 1% 21ante &34 1h0ee n9 heve Rad edietlende In jrurla
Frive ¢ dorpsdyil roalide 1te greal J10FLeidiy with whieh
Tt Seel 17efed ¢ €opateors ang 2anitestril o¥e Fenived,
drvee Y Be dae Pueew Va1 gedefore Lo Nie Bpedarr ¢f
SETenIy £, BN Bo A0t wedsbathg Yol Firehte ot iepe i)

Airyadeitmg ghiresrl #1Ve0dN & ey ptjoer, Pt
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acknowledged the possibility that the vitamin nmight be ad-
gorbed on his various preparations.

Zih has published three bapers corroborating Biirgi
on the erythropoietic effect of chlorophyll. In the first
paper (1930) a chlorophyll-free diet was compared with a
chlorophyll-rich diet, using rabbits as the test animzl.,
The chlorophyll-free diet consisted of turnips, oats, corn
and cow'!s milk, The chlorophyll-rich diet consisted of
fresh, green grass, oats and corn. - Zih found a definite
erythropoietic effect with the chlorophyll-rich diet. How-
ever, it is difficult to interpret the results on the basis
of the presence or absence of»chlorOphyll'ip the diet since
the two dlets were so different in composition.  Factors
other than chlorobhyll might be the cause of the changes in
the red cell count. iZIh did say, however, that the eryth-
ropenia on the chlorophyll-free diet was cured by the addi-
tion of chlorophyll alone. As stated before, chlorophyll
i8 very difficult to prepare in an absolutely pure 6ondi_
tion and the impurities may well have been the active
material.- | |

7 In 1933, Zih published siﬁllar'experiments‘oﬁ white
rats., The rats were kept oﬁ a dlet of white bread, corn,
milk and cheese. A 13 to 15 per cent rise in the red cell
count was obtained upon the addition of 5 mg. of "pure*
chlorophyll to the diet. Excessive doses, e.g. 20 mz.,
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caused a reduction in the red cell count by approximately
the same amount. Raw green fodder given at the rate of

5 grams per day caused no essential change in the blood
count. The same amount, cooked~slon1y, increased the
erythrocyte count 15 to 20 per cent'1n three to four weeks
with a return to the originel value in & to 12 days after
cessation of the green feeding. It should be noted that
Zih found that the copious.addition of vitamins annulled
the erythropenic effect of the chlorophyll-free diets.

Hughes and Latner:(1936) studied the effect of

feeding chlorophyll -to rabbits rendered anemic by repeated
daily hemorrhages of 5 to 20 cc.  When tﬁe hemoglobin of
the animale was reduced to-approximately hb per cent of  the
normal value, chlorophyll in olive oil was fed by mouth, . -
With large doses (0.33 grams per_day); the recovery from-
the anemia was unaffected; with smaller doses, for example
0:05 grams of chlorophyll per day, or evenmbetter,ko;OISrtA
graméjpér day, a favorable effect of chlorophyll on blood'
regeneration-was_obtained.~_;A:magnesiumvfree,;waterisolu-
bie'chlorOphyll derivative (sodium pheophorbide .?), which.
they did not describe, was‘a1so effectivé,whén fed at the .
rate_qf.1,0 gram da;ly,’butiwas_ineffect1Ve when injected

' subcutgneously,atAthe'rateapf 0.25 gram. Large doses,

1.0 gram per day, of crude chlorophyll acted favorably.

The authors consider these results as evidence that the

s
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animal body is capable of converting chlorophyll into hemo-
globin and that-the failure of the large doses of .chloro-
phyll -is due to its toxic action on.theqbone‘marfow_but‘in
the case of the crude chlorophyll;.thé presence-_é):f_s‘oz'n.e--=_T
othe:;substance.neutralizedvthe’toxicfeffect. -~ The, fallure
ofgthezsubcutaneous_1njéctions;of golubleqchlorophy11xwa5
-interpreted to mean .that p:obably?the'chlorophy}l must_ﬁeﬁ;
altered_1nfthe.digestiveitract.before.1t{become§_act;v§,1n
hematopolesis., - - - e wan et el

--: Bcott (i923)¢3tudied-the influence of diet:on the
occurrence of secondar&>anem1a,following,repegtedghemorrhage
in rats., . The basal diet-was white~breé@'anduyhole;m11k, to
which cabbage was¢added for the‘controlhgrpup.;:LThegiatg re-
celving cabbage recovefed_more3rap1dly frpm,the“épemig_tban
those on the basal diet.: : Scott,;@oweVer,zmadeigq;claims es
to what was 'the active constituent of the cabbage.: .

In contrast to the above results,;Edwardsiénd;Holley

(1932) studied the effect of chlorophyll.in the.diet on the
body weight*of"rats”and found no significant difference.
Three comparable groups of six rats each were fed Sherman's
diet B for 56 days. The first group received no additional
ohldrophyil; the second-gfoup-réceived 10 ”*;-oi;purified
chlorophyll per animal daily;-the thi:d group received 30
mg. daily. - It ﬁas,fbund that there was a slight.lowering,
of the feed requiremenfs.per.unitigainfinlweight:as;the

chloréphyll feeding level was ralsed. These authors made no
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study of the changes, if any, in the blood picture.
Robscheit-Robbins and Whipple (1925a) meintained
dogs in a state of chronic anemia by perlodic-bleedings, -
the size of fhe bleedings being'adjustgd so as to keep: the -
hemoglobin level &t about one.third'normal.w .They believe
this procedure to cause maximal stimulation of. the.blood
forming tissues., When supplements were added to the basal
diet, the 1hcréased amount of blood removal necessary. to
maintain heroglobin at.one third normal was taken-as a -
measure blood forming power of :the supplement.. With green
vegetables as supplements only a modergte response'wés‘obf
tained and this :esponée 1s attributed by Whipple to the
salts present in the vegetables. - The vegetables<tried
were spinach, beet greens, .lettuce and agparagus (1925b), -
and spinach, white and red cabbage, and ohiona (1930).
Patek (1936) .investigated the‘effect of.chlorophyll,
pheophytin, pheophorbide, sodium chlorophyllin:and phyto-
chlorin e on 15 patients with chronic hypochromic anemia.
While this type of anemia responds:to iron treatment alone,
Patek considered i1t.a suiteble disease with which to in-
vestigate the hematopoletic properties of chlorophyll de-
rivatives., . No effect was obtained by the administration
of these substances alone. Very large doses of chloro-
phyll with very smali doses of iron likewise had‘po effect.

However, after a period of medication with suboptimal
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amounts of iron, the. administration of chlorophyll pro-
ducts "was followed by en orderly and significant increase
in the conoentration of hemoglobin and a second reticulo_
cyte reSponse. This’ combined effect was . produced when the
materials were given parenterally as well as orally. The
studies suggested that the body can use preformed pyrrole
substances for the building of hemoglobin. N

Gsell (1929) published the case histories of 21
patients treated with chlorosan-Biirgi. . This series in-
cluded secondary gnemia of -different origins, seven cases;
pernicious anemia (treated with:ohlorophyll,”vigantol and
liver), one case; secondary syphilis, one'oase; psratyphoid,
one case; lymph gland tumor, one case; pulmonary tubercu-
losis, two cases; cyanosis, one,oese; pneumonia, one case;
febrile bronohitis,fonejcase;“angina oeotoris,Aone case; -
spontaneous abortion, one‘case;uparesis,of,arm and leg, one
case; chronic nephritis with secondary heart dilation, one
case; hemorrhoids,ﬂone,case-~igG8311.°1§1med‘th&t.0h1°r°*
phyll acted as a general tonic~in.these.cases.w ‘These re-.
sults are of doubtful value, however, because of -the small
nunber of cases in each-disease.. o I

Dr. J. H. Kellog (cf. Rndolph 1930), medical di-
rector of the Battle Creek Sanitarium studied the effect of
chlorophyll: injections and reported as follows: -
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#Care was taken to see that no other treatment was
used while the chlorophyll was being employed. .Cases
were selected which had been in the hospltal for sonme tims,
The ceses studied were those of secondary anemia and tuber-
culosis of the lungs. The red cell count, before treat-
ment, was, on the average, four million; and after hypo-
dermic injection of chlorophyll, daily for six days, five
million. The patients felt much improved, the skin was
clearer, the color better and there was less fatlgue. 1In
a month the weight increased as much as 16 pounds.®

-

II. The Degradation of Chlorophyvll in the Digestive Tract.

The reéoval of the magnesiunm in éﬁloroéhfll with
_the formation of pheophytin has been shown to take place
undef fhé‘influence of the gastric Jﬁice“offddés by
Kortschagin (1924).- In the stomachs of. cows, a further.
b:eakdown into phylloerythrin, rhodof,;ppyllé—,;and~§§fro-
porphyrins was found by,Rdthemund and Inﬁan (1932), and
in the stomachs of sheep, ppylloerythrin,and probophorbides
were found,. A little later, Rothemund, McNary and Inman
(1934);3189 found phaeopurpurinvis and pheophytin;in the
cow's stomach contents.. Phylloerythrin was first dis-‘
covered in the freshlfeces,of cows fed on green food by
Merchlewski (1993).v. Kémeri (1924) obtained a porphyrin .
from human feces which Fischer and Hilmer (1925) found to
be phylloerythrin. Fischer and Hendschel (1933a) found
phylloerythrin in elephant feces but no probophorbides
like that occurring - in sheep feces. The same authors

investigated human feces after a #egetable diet mainly of

.rr
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spinach., They obtained phylloerythrin end probophorbide

a, hence, in man the breakdown of chlorophyll is funda-:
mentally the same as that in ruminants, In-silkworms,
the degradation was found by the same authors (1931) to - -
follow & different course, - They isolated from silkworm .
feces o crystalline substance with the empirical formula
034H36°6Nu“3nd whidh-éogtains no magnesiué, phytol or -
methoxyl group. - They gave it the name phyllobombycin,
whiChsin’; later .paper (1933b) was.shown to be a molecular
compound of pheophorbide giand-phéopurpurin‘7.*'* ’ _
" Not only is chlorophyll broken down in the animal
digestive tract; the absorption of some of these derivaf

tives has been shown to take.placg;‘ -Thus MacMunn (1885)

-
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measured the spectrum of a pigment occurring in the bile

of herbivorous animals and called it cholehematin. He
thought it was derived from hematin. Loebisch and Fisch-
ler (1903) isolated from ox bile a pigment which they called
bilipurpurin. Marchlewski (1924) provedlthat'these two
substances were identical with phylloerythrin and that this
was derived from chlorophyll and not from blood pigment.
Isolation from ox bile and the in vitro degradation of
chlorophyll ‘are the two principal methods of preparing
phylloerythrin. o i

Rothemund, McNary and Inman (1934) found in the
mucdsaief‘the third and fourth stomachs of the-cow;'traeeéi
of phylloerythrin, another pxOphyrin whose spectrum closely
resembles that of rhodoporphyrin, end a third unidentified
porphyrin, as well as, pheophorbide & and pheopurpurin 18,

' As mentioned before, when extracted chlorophyll is
fed to men in sufficient amounts, porphyrins appear in the
urine (Kitahara; 1925). ‘ '

| Chlorophyll, eosin and certain derivatives of hemo-
globin, especially hematoporphyrin, are known to produce &
sensitivity to light when injected into animals (cf
Laurena 1933) .. In a certain region of South Africa,

difficulty was experienced with grazing sheep becoming

photosensitized. .This was investigated by}Rimington and
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Quin (193Y4) who stated that-the.pigment responsible for
the photosensitivity in-"geeldikkop" (poisoning of small
stock by excessive feeding on Tribulus during certaln-
seasons of the year), and also that developing after. oper-
ative ligature of the bile duct:'in sheep (experimental .
icterus), was isolated and identified as phylloerythrin,
In the absence of,chlorOphyll4from-the'diet,,experimental
animals neither became photosensitive nor. could.phyllo-
erythrinibe,isolated~frem the,bile, serum or feces. In a

~ later paper, Quin, Rimington, and Roets (1935) reported
that. the phylloerythrin content of the feces of:eheep fed
only on Tribulus, which is.particularly rich in chlorophyll,
was considerably higher,than;thef of the feces of sheep fed
on lucerne. - Furthermore, the symbiotic infusoria and bac-
teria:present in-the digestive tracts of the animals were
thought to 1nf1uenee the.amount;ofgphylloerythrin;production.

-
R

III. Nutritional Anemia-in'the Rat.

l

Abderhalden 1n 1899 demonstrated the production of
nutritional anemia 1n the white rat fed solely on a milk
dlet. Bunge (1900) a year later ehowed fhat milk was
;notoriously low in 1ron content. This anemia wes curable
lby adding ferrous salts to the diet._ Hart Steenbock
Elvehjem and Waddell reported 1n 1925 that 1ron alone was
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ineffective in cﬁring the anemia unless accompanied by
lettuce or cabbage. In 1927, Hert, Elvehjem, Waddell

and Herrin reported that the ash of lettuce and cabbage
with iron was sufficient for cure. - In 1928, Hart, Steen-
bock, Waddell and Elvehjem found that copper was the ne-
cessary adjunct to iron in the remiss;on of nutritional-
anemia on a milk diet. - Since that time a considerable
volume of literature has'ﬁeén published on the action of
copper in this type of anemia. Some authors contended
that iron alone was sufficient and others claimed other
metals could replace copper in ‘this respect. However, in
each case, these contrary Tresulis have not been generally
confirmed in later publications. Hence, 1t seems probable
at presenf:that both copper and iron are necessary for the
preventién,or cure of milk anemia, An excellent review
of this literature was published by Elvehjem (1935) which
may be consulted for furﬁher details,

- The explanation of the contrary results might pos-
gibly lie in faulty technic in ‘one or several of the folloi—
ing respects: The use of impure salts as supplements; the
use of milk which had had contact with metais; the use of
cages which were not well galvanized, or in which copro-
phagy ‘could take place; or the rats obtained some copper
or iron or both while they were being handled — as for

instance when they are removed from the cages .for weighing
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or for obtaining a blood sample. It is obvious, there-
fore, that all of these factors should be carefully con-
trolled in this type of work,

The fact that iron and copper alone are necessary
does not exclude the possibllity that other substances may
have a beneficial effect upon rats on a milk diet. Indeed,
the addition of traces of manganese was found necessary for
normal growth by Kemmerer, Elvehjem and Hart (1931); fur-
thermore, Rider (1933) claimed that glutamic acid, when
added to iron and copper as a supplement, caused a slightly
quicker recovery from the anemia. Studies by Elvehjem,
Hart, Jeckson and Weckel (1931) indicate that growth and
reproduction depend to a large extent upon seasonel’ varia-
tions in milks used., When goat's milk is used insteed of
cow's milk, an exactly analogous-anemic condition is pro-
duced which 1is curable by iron and copper (Kohler,‘$1vehjem
and Hart, (1935). The growth, however, 1is inferior to
that obtained when cow's milk is used and the deficiency
was not corrected by the addition of cod-liver oil, yeast,
liver, or crystalline vitamin B,.  Normal growth was ob-
tained by the addition of brain tissue. The -addition of
8 better grade of alfalfa hay to the diet of the goats def-
initely improved the growth-promoting properties of the

Rothemund, McNary end Inman (1934) reported that
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porphyrins derived from chlorophyll had a definite hemato-
poletic effect when fed to rats with milk anemia. How;_
ever, variations in the response to porphyrins were obtain—
ed which could not be explained: In commenting on this
Teport, it may‘be stated that the nuMber of animals avail-
able was too small for conclusive results, reoonstituted
milk from dried milk powder was used for the diet and the
water used in the preparation of the supplements and of
the reconstituted milk was not re-distilled through glass
apparatus. ' o i. 7 -
The‘variability‘of thé'fésuiéé”of porphyrins on
anemia led the author to repeat them under zmore carefully
controlled conditions in order to obtain, if possible, an
explanation of the porphyrin action. Phylloerythrin was
selected from among the porphyrins derived from chlorophyll
for several reasons~ First it 18 the chlorOphyll deriva- _
tive normally absorbed by the body in the largest quantity,
second its hematopoietic action according to the experi-
ments cited in the preceding paragraph was second only to
pheophytin' third it is the most readily prepared of the
ohlorcphyll porphyrins in sufficient quantities° fourth

its method of preparation is rigorous enough,to remove a11

metallio imourities and vitamins.
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IV. Experimental.

The animals used in this experiment were weanling
white rats 18 to 20 days old obtained from the breeder at
Bloomfield, Indiana. -

Diet. The diet of the rats consisted solely of
fresh whole milk obtained from Henkenbern's dairy farm at

" 4646 Kirby Road, Cincinnati. The milk was collected in
glass and brought directly to the laboratory, thus 1t had
no chance to pick up additional iron or copper before be-
1ng fed to the rats. Since difficulty was encountered
with diarrhea in some of the rats when they were small
the nilk was pasteurized during the latter part of the ex-
periment by heating in a Pyrex flask for 30 minutes at 62°
C. When given to the rats, the milk soured before 1t wes
entirely consumed and in order to prevent a curd from form-
ing, six cc. of saturated sodium citrate were added to each
liter of milk. It was found that the rats consumed the
milk better when no curd was formed. o i '

Milk ie low in its manganese content. Invorderl
to make up this deficlency and to make certain that any
abnormal growth would not be due to a lack of this element
one cc. of a solution of manganese chloride containing
u 5 g MnCla.quo per 100 cc. vas added to each liter of
milk, '

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



25

The possibility that the milk was deficient in
vitamin A was considered. Crystalline carotine was gis-
golved in ethyl acetate to saturation and 0.5 cc. this
solution was emulsified with 3.0 liter of the milk by
vigorous shaking, 'However,»no difference was observed
upon the addition of carotine and its use was discontinued.

The Copper and Iron Supplements. These were

added as solutions of copper sulphate and ferric chloride.
During the first five weeks of the experiment when copper
alone was added, an amount of copper sulphate solution
equivalent to 0.01 mg. of copper was mixed with the milk
glven to each rat at each morning feeding. During the-
latter part of the experiment, an amount of solution of
copper sulphate and ferric chloride equivalent to 0.03 mg,
of copper and 0.5 mg., of iron was administered . daily in the
same manner,

Cages. Since the metal cages available were not
well galvanized, the rats were kept.in‘glass.museum jars .
approximately 10 inches in diameter and 8 inches deep. &
false bottom was provided which was made of”éluminum‘wire
strung on an aluminum hoop. .* The wires were spaced 1/2°
inch apart and 2 inches from the bottom of the jar; The
top was covered with 1/2 inch mesh gelvanized iron screen-

ing. When the rats were about six weeks 0ld they gnawed
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through the aluminum screen and obtained access to thelr
feces. It was necessary, therefore, to replace-the alum-
inum screen with galvanized iron. The milk was placed in
35 cc. glass dishes recessed in the bottonm écreen so that
they could not be upset.

Heroglobin Determinations, These were made week-

ly on a drop of blood obtained by snipping a very small -
plece from the tip of the tail with a razor blade. ..The.
blood was taken up in a Trenner automatic filling pipette
which was made especielly for this purpose. . The blood
was diluted with 1:100 hydrochloric.acid and the acid - - -
hematin color produced was compared in a Bausch and Lomb. .
colorimeter with a Newcomber glass standard.

Phylloexrythrin, The phylloerythrin was prepared

from chlorophyll by the method of Fischer and Baumler (1929).
Essentially, the method is as follows: - TheichlorOphyllu
(0.5 gm.) 1s dissolved in 75 cc. of glacial acetic acid to:

which 10 cc. of hydriodic are added. The solution is heet- _

ed for seven minutes in a boiling water bath, cooled, and . .

added to 1 1/2 liters of ether in a separatéry funnel and:
diluted with water. The mixture is made very weakly alka->
line with amnonia, forcing the porphyrin into the ether
upon shaking. The water layer is discarded. . The por-
phyrin solution in ether is extracted with 15% hydrochloric

acid until further extraction removed no more porphyrin by
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spectroscopic test. The porphyrin in the acid extract ' is -
then transferred portionwise to fresh ether by dilution and
neutralization of the acid with 20% sodium hydroxide until
neutral to congo. Considerable ether is necessary for
this step. The red ether solution of the phylloerythrin,
which is slightly acid, is washed several times with redis-
tilled water and then with extremely dilute sodium hydrox-
ide solution (a few drops of N/10 NaOH per 100 cc:) until
the washings give a slight green color with brom thymol
blue. This removes all excess acid from the ether solu-
tion. The phylloerythrin is now extracted with a minimel:
quantity of N/10 sodium hydroxide, This gives a solution
of the sodium salt of the porphyrin;

The solution of the sodium salt is now assayed by
transferring one coc. of the solution to a separatory funnel
containing 150 to 200 cc. of éther; -About-50 cc, .of re-
distilled water 18 added and the mixtu;e made slightly acid
by the addition of a few cc. of 2% hydrochloric acid.' Upon
shaking, the neutrel porphyrin is obtained‘;nithezether layer.
The water layer is discarded and the ether.layer is washed

several times with re-distilled water. = The ether solution
is then evaporated to dryness in a weighed dish on: the
steam bath. From the weight of the residue, the concen--
tration o}hghylloerythrin-eodium salt solution is calcula-

ted. The phylloerythrin-sodium salt solution is then
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added to a ¥/15 buffer solution of pH 7.0 made from a mix-
ture of NaHpPOy and NapHPOy (cf. Mathews) in such an amount
that the final concentration of phylloerythrin was one. mg.
per cc., of solution, 4 .

A fresh solution of phylloerythrin was made up ap-
proximately every two weeks,

A mixture of N/10 sodium hydroxide and phosphate *:

buffer was made up exactly similar to the phylloerythrin'’ -

solution except that the porphyrin was omitted. This was
fed to the control rats in order that the added salts and .
the traces of iron and copper that they might contain.would
make no difference in the results, . ' SR AR

Procedure in the tests. The 18 to 20 day old .-

rats were placed in individual cages and fed twice daily: .
with citrated fresh, whole milk, When their hemoglobin

level had reached approximately one third normal (in about

six weeks) they were.divided into two groups. . In the pre-
l;minary experiment each group consisted of two animals,
To the first group was given 0.5 mg, of phy}loerythrin -
daily, mixed with the milk at the evening feeding.: - The

control group was given the ¥/10 NaOH-buffer mixture. in the

same volume as the phylloerythrin solution. . The rats were

given as much milk as they would completely consume before

the next feeding. They were welghed at two to three day

intervals and their hemoglobin determined at weekly - -
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intervals. = The experiment was continued for 23 days, by
which time three of the four rats.had died.

8ince, in the prelinminary experiment, no response.
to the porphyrin treatment was obtained, it was decided in
the second experiment to double the dose of phylloerythrin
and to add to the diet & minimal quantlty of copber,,which,
if sufficient iron were also added, would allow recovery to
take place. This change was based upon the hypothesis that
the addition of:a porphyrin might influence the iron metab-
olism (for example, increase the absorption and decrease the
excretion of the small amount of iron that the rat obtains
from the milk), and that the cause of the lack of response
in the preliminary experiment was the deficiency in copper.

Accordingly, in the second experiment, fifteenirgts
were made anemic by the same method. When their hemo-
globin was reduced to about one third normai;they'were di-
vided into two groups. The first grogp, congisting of
eight rats, was given 0.01 mg, of copper per rat per day at
the morning feeding, and 1.0 mg. of phylloerythrin per rat
per da& at the evening feeding. The control'group was
g8iven the same amount of copper at the morning feeding, and
8t the evening feeding the mixture of §/10.s0diun hydroxide
and phosphate buffer in the same volume as the.phyllo-
erythrin solution was supplied the other group." The anmount

was adjusted so those rats having the 1¢asqappetite'wopld
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have completely consumed their ration of milk before the
time of the next feeding.

At the end of five weeks both groups were given
sufficient iron and copper to permlt complete recovery from
the anemnia. The amounts were 0.5 mg. of iron and 0.03 ng.

‘ of copper, which were mixed with the milk at the morning
feeding. This amount of iron and copper was so large that
the slight excesg of these metals which a rat might obtain
by consuming a little more milk than the others would make
no difference. Therefore, from the time that iron and in-
creased copper was added to the diet, each rat was given as
much milk as he would totally consume before the next feed-
ing. As the rats grew larger it was necessary to feed -
them three times a day since they consumed more than could
be placed in their dishes during two feedings.f"No'supple—
ment was added to the third feeding in the afternoon. -

It will be noted that the COppe; (or:copper and ° -
iron) and phylloerythrin supplements were given at differ-:
ent times (morning, evening). -This was done in order that
there would be 1little likelihood that an-inert copper-
porphyrin complex would be formed which would pass through
the animel unchenged as was found by Schultze, Elvehjem and
Hart (1934) in the case of copper-heratoporphyrin complex.

Thrombocytosis, A third~experiment was performed

the purpose of which was to confirm the work of Rentz (1927)
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on the action of chlorophyll on the increase of thrombocytes
in the normal rabdbit. The erythrocyte and platelet counts
were rade on four albino rabbits until their normal levels
were established. Phylloerythrin-sodium galt eolution ﬁae
injected subcutaneously into two of the rabﬁita and bodium
chlorophylline into the other two. A total of five in-
jections were made in each rabbit. The erythrocyte and
platelet counts were rmade during and after the course of
the injeotions on a drop of blood rermoved from the ear
velin, The plateleto were counted by the direct method of
Rees and Ecker (1923).

8odiun chlorophylline i{o chlorophyll in which tho
Ptytol alcohol radicnl ia replaced by sodius, It was pro-
sared Ly shaking &n othor solution of chlorophyll with a
%34 zathyl nlcohislic enlution of sodius hydroxide, the
chloronkylliqe golag in%o the alcohol layer, Thoe alonhol
#01utinn vae plnced wish fresh ether and exnstly neutralized
with Lydrochlosto actd, the ehlorophrllitne raturnisye to the
elder Ynyer, THia el%s2 #0ln%10n waa theh eXiradted with
a nintnal quenitiy of /12 erttun Npiroattde and the reaults
142 ea17all wed avsaged £37 Lis <SLarmhyiltine ¢imitent in

The sene pesser me T3 28700982210 00% eol115% van suncyed,
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V. Results,

Anemia Experiments. The results of the anenia

experiments are best presented in graphical form tb which
the reader is referred. Where the death of én animal oc-
curred it is marked on the curves by aT. | .
Figure I gives the growth and hemoglobin curveé of
the preliminary anemia experiment. o
Figure II gives the heﬁoglobin curves of the'pﬁyllo-
erythrin rats in the second‘experimént. For expléné&ion

- of note (a) see Discussion,

' Figure III gives the hemoglobin curves of the con-
trol rats in the second experiment, For explanation'of

_note (b) see Discussion,

Figure 1V gives the growth curves of the phyllo-

1 erythrin rats in the second experiment. ; |
Figure V gives the growth curves of the co?trol

rats in the second experiment. ' 1
Figure VI gives a comparison of the average hemo-

globin curves of both groups in the second éxperimént.

Figure VII gives a comparison of the average growth

. curves of both groups in the second experiment,
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Thrombocytosis E;periments.~; fhe'foilcwingftable e

gives the results of. .the. thrombocytosis experiments.on._...._ .. ..
normal rabbits.g On the days in which an injection was ?

P - -
given the blood count was made before the injection.

AR (Insert Table I.)
R R e o B > T N L ot
¥ T 3 o w7 ri S * - TNl =
e LG & S AP S S S A A T S

"i 1‘:- VI. Discussion.

e e e R we m e g e A e e b 4 b4 i B A R S ® i e e B S W Am e <4 et et s ——

Inithe preliminary anemia experiments the number “of
e ' (3 T "\ Y

GXperimental animals was obviously t00 small to allow “def-

!

inite conclusions -$0 be drawn.—--However,-the- author be---- e

l‘}

lieves it significant that ,none of the animals showed _any

81gns of recovery from the anemia° on the contrary three of -

S
the four died within & short. time._.u.‘rmiiuwwhinsii“,”_.mhm,m.

In the second anemia experiment the effects of two
slips in the technic are shown. i~In- Figure II-a decided -
increase in the hemoglobin of ‘one of"- the animals "1s-marked -
by (a) This increase probably was caused by the faulty

; -_zv’*i ‘.Tt

gaIVanizing of the bottom screen “of ‘the cage. The rat

- e S T L TSR VAR S S

e .

¢
B e e e W

tore off a small portion of the zinc covering and.obtained......:

access to the iron wire underneath j It will be observed

that the hemoglobin of this animal immediately decreased

when it was transferred to another cage. In Figure- III‘**“*“?

anOther increase in hemoglobin took place which is marked

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Y



uoissiuuiad Jnoyym payqiyosd uononposdas seyung Jaumo JyBuAdoo sy} Jo uoissiuuad ypm paonpoiday

Table 1I.
Rabbit No. 1 2 | 3 I
' ‘ Phylloerythrin Phylloerythrin = |Na-chlorophylline Na-chlorophylline
Day Dosage. Red |Thronbo- - Red |Thrombo- Red |Thrombo- Red |Thrombo-
| migﬂ%:s thgg.z:,rsxds mi]c.ﬁ%gs tggg.g:nds migfﬁgs tggﬁggnds migﬂggs tgg&g:nds
Normal 6.500 i 361 7.473 372 7.423 720 8.067 352
1 |1 mg./kgd 6.690 hay  f° 7.900 | 266 7.270 740 9.070 280
2 7.980 352 7.780 496 6.660 676 8.280 360
3 {2 mg./kg) 6.390 292 | 64107 514 7.550 770 7.430 480
n 6.520 | uéy | 7.160.| 362 6.100 | 700 7.0 | 246
5 |2 mg./xg.| 6.450 oy 7.300§ 272 7.200 a12 &,000 476
6 |2 mg./xg) 6.290 | 516 | 6.6201| 430 6.630 | 940 7.650 | 546
7 |2m./rgf 610 | 452 | 7.570 .562i 7.130 900 8.170 | Ly
‘g ' 6.470 |  6us 7.310‘ 454 6.410 9d2 6.790 | 1492
9 6.000 | 562, | ‘6130 | ‘518 | s.suo | 924 | 6.850 | e
11 ; 5.760 | 588 | 7.010 5583 6.93 | 78 | 6.630 390
15 | . | 5.920 | 37 7.260.| 422 | 5.310 | 6us 6.920 | 58
Maximum | | | | | |
increase 80% : 47.5% 36.5% 55%




by (b). This animzl broke loose from the -author while a
blood sample was being rermoved from its tall. Sefore it was
recaptured and returned to its-cage 1t had become. covered
with-dirt from under; the laboratory table. - By licking off
this dirt the rat may have obtained enough iron and copper
to. give the response. shown,:after vhich,:the hemoglobin
agailn decreased, These:two errors once more. indicate.the
care with which nutritional anemia experiments. must be. -,
carried. out, .- - oo our ot SIrinmnothioonilol T

- The average hexoglobin:curves for:the two groups of

rats. (Figure VI) lie closely parallel-to.each other through-

out the experiment.and at no time are separated from each
other by more than the.probable:experimental;error. *: The

author feels justified in concluding,  therefore, thet vhyllo-

erythrin does not have ' a-hematopoletic-effect in this tvpe
of enemia, - - tcl oo hoLr Ll il ;

‘ .,;7.. 8ince phylloerythrin-is theydeqompositiontproduct
which 4s absorbed- in-largest amounts,:?he.probability-also
eiists;that~neither,chlorOphy11~nor‘ifs,other>decomposition
products would be active in-this respect.f‘f R
© v le-~ - _Furthermore, 1t should be noted that one animal-
Teceiving phylloerythrin died at the . end of four weeké (Fig-
ure II) with afsteadily,decreasing'hemoglobin level, : - In
this instance, the porphyrin vas ineffective in maintaining

\
the hemoglobin:level:constant, @ With the exception.of the
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anemic ‘condition, ‘this 'animal ‘was apparently.normal and’ -
Y B e A
ffbjExamination of *the ‘average growth icurves of the -

two ‘groups (Figure-VII) reveals the.fact that the phyllo-
erythrin group 'increesed in body weight faster than the -
control group after:iron and ‘increased copper were added -
to ‘the ‘diet. By-the.end.of the experiment, however, the. .
control group had caught up with the phylloerythrin group.
As mentioned .under "Procedure",:during the first five . 7" -
‘'weeks of- the experiment the amount of milk fed .to’each rat

' ﬁasJédjustéd}tO"théfneeds'bf7thosé with the least appetite
and’dufing the “ensuing eight weeks each animal was given - =
as much milk ds‘it'would-consumle"HenCe; no appreciable I .
difference ‘in ‘the growth curves of the two groups can be ‘-
observed in the first five weeks.: * However,: from the end:

| Ofuthe'five’wéék"périod-the'authori=be11evéé’thére is a™:
significant 'difference between the two curves. ~ In addi="
t;on it was noticed that the anigais‘iﬁftheaphylloerythrin
gToup ‘consuried ‘their milk with a definitely greater avidity
and rapidity ‘than -the controls. ™ Thie‘difference'becameiﬁ”{
noticeable at the end of the third week end lasted until
about the tenth week Of thé experiment.

11Assum1ng_thatithe-diéparity between the two groups

as regards ‘appetite ' and growth 1s of .some consequence;“'

several very interesting deductions may be made, although
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~these deductions. were.not:.confirmed experimentally by the
repetition-of the exact:procedure:used by-Rotherund,:McNary
and Inman- (193%). miA.poséiblezexplanation of the-hemato-
péietic;effect of chlorophyll;porphyrins as reported by
these authors-might.be made-as follows: : The milk used in:
those.experiments was reconstituted milk prepared by add-
ing water to_commerciai.dried milk powder. . Elvehjen; (1935)
has' shown:that.dried milk powder contains more iron-and
copper than can:be accounfed.fortin;the_originalﬂm11k51con-
tamination having teken place during'the processing. : -
Supplee,: Dow, Flanigan eand Kahlenberg. (1932) found that

milk dried by the roller.process produced definite improve-. -
ment when fed to:anemic rats. It may be‘stated, therefore,
that the.anemia’produced by commercial:dried milk would be
ore:subject to.remission than that produced by, uncontam-
1natedifr¢ah milk:because‘the~deficiency_of,the:essentialf
metaléuin the.powder .is only a little ;ess:than‘the:amount
necesgary;for%recovery.v ~Any.factor.which would:increase
°ﬁlyislight1yathe amount of the~met813tthat.the_rats;ob-f'
tain-would then cause &:definite response 1n\the‘hemoglobin'
level, " :8uch a factor might, for instance, be an in-- - |
creaéediappetite which would enable the-rats to dbtain -

wore iron.and copper from the extra amount of milk con- ..
sumed and-consequently show a recovery response., It is

believed by the author that this is what took place in
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the anemia experiments conducted.at Antioch:College’—-
the porphyrin supplements increased-the coﬁsumptioniofA1
the reconstituted.milk diet.whichicaused:a recovery re-’
\ sponse . because of ‘the extra iron and copper thereby ob-
tained, " A contributing factor: might also beithe presence
Ofitraces?of31ron¢andfqoppér:1n?theLporphyrin“supplements
usedgjsince'water redistilled in.glass was 'not-used’in i~
their preparation.: ‘In the-eXperiment;trepofted here, -
this latter-source ‘of error.was eliminated by»rédistilling :
‘811 the water in glass.and by the addition to the dlet of
the control rats-a:solutionfprepared;exactlyusimilar to”
.the porphyrin supplement, ‘with the exception that.the phyllo-
erYthrin wag* omitted.~v;'w~fi PR G T SRR

< As mentionediin: an;earlier'partno% this paper,
Birgl - agserts that ‘chlorophyll:feeding produces, among -’
Other: things; an 1ndreésed appetite and.a bettering of the
general health, especlally in certain enervating diseases
aﬁd more"particulariylin anenias offvarious kinds, " Since
Phylloerythrin: is one of “the chief absorﬁtion“productsfof
chlorophyll ‘and, "since. phylloerythrin was found to have
a stimulating effect upon the appetite of the aneunic rats,
this opinion of Biirgl's is'therefore.confirmed.: However,
the claims of :Biirgl .that chlorophyll feeding, .per se, pro-
duces.a stimulation of - the biood;forming tissues, leading

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

U5



to an increased erythropoliesis,.is not confirmed.. The. - -
possibility still exists, nevertheless, that chlorophyll
does: have a hematopoletic effect underitbe‘qondit;pns;p§1
Biirgi's experiments.- FoaoonnoninVie ot oaen e
".:co. The claims of Hughes.and Latner (1936) that the.
animal .organism can;transforn chlorophyll; into.hemoglobin-: .
likew}se have not been confirmed.:::However,: the milk diet,
may possess-an adequate amount.of .the precursors of the

- blood pigment:and the phylloerythrin' added: would then.be
Superfluous_and unused . i vl v oF enAs o Wb
t\fs*ba:?hé=subputaneous-1qjectiop ofiphylloerythr}ﬁ;and
of:godiun chlorOphyllinef1ntounorma1,rabbits_producpé‘a-
thrombocytosis As_is;ghquvin;Table;I..g The number of
thrombocytes 1n»rapp1t!s,bloodtshow,consi@erable dally . .
Varigtipn‘and;consequently.minor}fluctuat;ppS;are;i}thout
meening, .- - However, rabbif;number one3showedian,86_per;gt
Cent. increase on the elghth day after the beginning of:
¥he: injections of.phylloerythrin and rabbit nuuber.two . -
Showed‘a:u7.5:perﬂcpnt;1ncrease;on;the.sévegth]@ay.iaxOn/i
the elghth day after injections of sodium chlorophylline
were begun, rabbit number three showed an increase of
36-5 per:cent-and.on;the sixth.day, rabbit number four. .

showed an increase of 55 per.cent.. - These inoreases are

Outside-the -1imits of normal veriation.: .. -The injections
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were started at a level of 1,0 mg. per kg. of body weight
- and with an interval of two days before the eecond rn-
Jection was made in order to}see if the initial injection
nould have any effect. No appreciable change was ObT
served. The amount was then doubled and again a two dey
interval was allowed, but no significant increase was forth-
coming. The third, fourth and £1fth injections of 2.0 mg.
Per kg. were made on succeeding consecutive days, and
these produced the significant increases already noted
These results confirm the work of Rentz on the
thrombocytosis produced by the 1njection of chlorOphyll-
§0d1um into rabbits. HRentz found an 1ncrease of 85 per
ééﬁt“&fter seven daily injections of 1'0'ng.dper‘kg;_;
Whi1e the results glven above are not strictly comparable
owing to the difference in the course of 1njections, the'
author believes the difference to be quantitative but not
qu&litative. Furthermore, the fact that phylloerythrin
Droduces a similar response to that of chlorophyll-sodium
' indicates that the porphvrin nucleus 13 the active part of
'the chlorophyll molecule in the production of thrombocy-
t081s
The erythrocyte count of the rabbits was not af-
,fected to any considerable extent by the 1njections of
Dhylloerythrin or of sodium chlorophylline. u |

- s . T B L

3
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VII. Summary and Conclusions,

Fromlthe results presented above it may be con-
Ccluded that:

1. Phylloerythrin does not have an hematopoletic
effect when added to the diet of albino rats with milk
anemisa,

2. Phylloerythrin does produce a stirmlation of
the appetite when added to the diet of anemic rats.

3. The hematopoletic effect in anemic rats as re-
Ported by Rothermund, McNary and Inman when chlorophyll
Porphyfins were added to the diet may be explained by the
increased appetite which permits the animals to consume
Dore milk, Since thie milk was reconétituted from com-
rercial dried milk powder, and since this powder contains
Xore iron and copper than uncontaminated fresh nmilk, the
extra amounts of these metals which the rats obtained are
Probably the cause of the hematopoietié Tesponse.

4. The appetite stimulation of phylloervthrin is
8upporting evidence for the similar apﬁetite stimilation
of chlorophyll as claimed by Biirgl. The assertion made
by Blirg!l that chlorophyll possesses an antianemic power
18 not similarly supported.

5. Repeated subcutaneous injections of phyllo-
erythrin and of sodium chlorophylline produce a thrombo-

Cytosis in normal rabhits, The analogous results of

PR
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Rentz with chlorophyll-sodium are thus confirmed and the
active part of the chlorophyll molecule in this respect

is shown to be the porphyrin nucleus.
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