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SOME ASPECTS OF THE EFFECT EXERTED BY MINIMAL 
PHYTOHEMAGGLUTININ DOSES OF PHASEOLUS VULGARIS, 

IN VIVO
M. Tzoneva-Maneva, Y. Vasilev, K- Perfanov

In the past several years, the interest in phytohemagglutinins (PHA) 
has greatly augmented (2, 3, 4, 10, 12, 13, 14, 15, 16) and more particu
larly, in PHA obtained from the seeds of Phaseolus vulgaris. This is due 
to the discovery that, in addition to hemagglutination properties, they are 
capable of stimulating the division of lymphocytes in tissue cultures of 
peripheral human blood.

Mac Kinney A. H. and assoc. (11) report that apart from the division 
under the action of PHA of Phaseolus vulgaris, transformation is likewise 
observed of the minute peripheral blood lymphocytes into large basophilic 
cells, the so-called „РНА cells“ or „blast cells“. These cells exhibit a ho
mogeneous, round nucleus, with fine chromatin, one or more nucleoli, often 
with a pallid zone surrounding the nucleus and occasionally cytoplasmic 
vacuolation.

Some authors (5, 14) observed the occurrence of similar ceils under the 
effect of other antigens (tuberculin etc.), in vitro as well as in certain mor
bid conditions in man, in vivo (10). Hence, the data reported render the 
denomination „РНА cells“ or „blast cells“ as conditionally accepted.

The transformed or so called „blast cells“, according to investigations made 
by Elves M. W. and assoc. (5), represent a stage of the conversion of lympho
cytes into plasmatic cells. The electron microscopic investigations show 
that occasionally, in the preparations of blood tissue cultures, the transfor
med cells bear the signs of primitive blast cells, which, in the course of 
ordinary microscopic study, might be easily identified as myoblasts, erythro- 
blasts, lymphoblasts or reticular cells.

Lymphocytic transformation has been likewise confirmed by autoradio 
graphic investigations (16).

These observations focused the attention of a great number of authors 
towards further studies on lymphocytic transformation. According to Jof- 
frey, I. (10), the tiny lymphocytes normally participate in the bone-marrow 
and are being converted accordingly into young cells of the erythrocyte, 
granulocyte and thrombocyte order.

The evidence available about the stimulating effect exerted upon lympho
cytes in vitro, provide sufficient ground for embarking on PHA application 
in the therapy of aplastic anemias (3,6) and as chemoprotector as well du
ring massive cytostatic therapy (8, 9) of inoperable malignant neoplasms.

In some patients with aplastic anemia, subjected to treatment with PHA. 
the presence is noted of cells with a lymphocytic nucleus and granulated
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cytoplasm in the peripheral blood as well as of neutrophil with bilobular 
nucleus. In other patients hyperplasia of the normal bone marrow elements 
is established by the same author. In addition, he describes mitotic figures 
in the peripheral blood and occurrence of lymph-like cells with nucleoli 
and finely granulated cytoplasm, with a positive peroxidase reaction, cha
racteristic for neutrophil granulocytes. It is assumed that the application 
of PHA exerts a favourable effect in symptomatic arganulocytosis, but not 
in the idiopathic form of the same condition. The doses used by this author 
in clinical cases are 50 mg daily, form — M, applied intravenously for one 
week. Reticulocytosis (3) in patients is also observed, without changes in 
leukocytes and thrombocytes.

The results of the therapeutic application of PHA are as yet contrasting 
and insufficiently studied. This implies facing the problem of further in
vestigation their effect in vivo. Therefore, we set ourselves the task to study 
the effect of small PHA doses from Phaseolus vulgaris in vivo.

Method

The experiment is carried out on 10 rabbits weighing from 1 3 kg. Be
fore the treatment of experimental animals with PHA, the following exa
minations v'ere made: Hb, erythrocyte, leukocytes, thrombocytes, diffe
rential blood picture. We used PHA, form P, obtained from Phaseolus 
vulgaris. Doses were used, ranging from 20 to 100 micrograms per kg body 
weight i. v., daily for 10 consecutive days and thereafter, a single appli
cation every 10-day interval. Twenty four hours after every single injection, 
the listed above blood indices w'ere verified. In addition, the myelogram 
of 5 rabbits (№ № 2, 3, 4, 7, 8) v'as traced up, performed on the 13th day 
after commencing the experiment. Bone-marrow' material w'as obtained by 
means of perforation of the greater trochanter of the femur with a pneumo
thorax needle. The test animals № № 1—5 were followed up for 80 days, 
and №№ 6—10 — for 30 days. The myelograms of the middle third of the 
femur in all test animals were investigated after completion of the experi
ment on material obtained from two different points. The experimental 
background is schematically illustrated in table 1.

Results and discussion

The results of the experiments reveal no changes in erythrocytes and Hb 
of the peripheral blood of PHA — treated animals.

Alterations are established in the white blood picture and thrombocytes. 
Segmento-nucleated cells are concerned which are decreased as early as the 
first week of experimentation wdthout change in the absolute number of 
lymphocytes. Relative lymphocytosis occurs (see diagram 1) during the pe
riod of maximum granulocytopenia, reaching 98 per cent in rabbits № № 8 
and 9. The characteristic features of these changes are illustrated in diagram 1, 
displaying the changes in the absolute values of segmento-nucleated cells 
and lymphocytes in rabbit № 2.



Ta
bl

e 
Ns

 I
. 

Ill
us

tr
at

es
 s

ch
em

at
ik

ca
lly

 t
he

 e
xp

er
im

en
ta

l 
se

tti
ng

 [
or

 i
nv

es
tig

at
io

n 
lo

w 
PH

 A
 d

os
es

 i
n 

ra
bb

its
, 

in
 v

iv
o

3 Some Aspects of the Effect Exerted by Minimal

01
Я

D
ur

at
io

n 
of

 t
he

 e
xp

er
im

en
t 

an
d 

in
ve

st
ig

at
io

ns
 

ca
rr

ie
d 

ou
t 

on
 p

er
ip

he
ra

l 
bl

oo
d 

(P
B

) 
+

 b
on

e
m

ar
ro

w
 (

BM
)

au
to

ps
y

»» S -

o00 1 1 +  + + + +  + + +

au
to

ps
y

a - ■ =

Or*- 1 1 +  1 +  1 +  1 +  1

oto 1 1 +  1 +  1 +  I +  1

oЮ 1 1 +  1 + J +  1 +  1

o 1 1 +  1 +  1 +  1 +  1

o
CO 1 1 +  1 +  1 +  1 +  1 +  +

X
+  1 +  1 1 1 i i

o<N
X

+  1 +  1 +  1 +  1 +  1 +  I +  1 +  1 X
+  1 I !

CO +  1 +  + +  1 +  I +  1 +  1 +  1 +  1 +  1 1 1

o +  1 +  1 +  1 +  + +  1 +  I +  1 +  1 +  1 1 !

03 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 1 1
X

CO +  1 +  1 +  1 +  I +  1 +  I +  1 +  [ +  1 +  +

t'- +  i +  1 +  1 +  1 +  1 +  I +  1 +  1 +  1 +  1

<o +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 + 1

LQ +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 “b  1

т 4- I +  1 +  1 +  1 4- 1 +  I +  1 +  1 +  1 +  1

CO +  I +  1 +  1 +  1 +  1 +  1 +  1 +  1 +  ! + 1

CM +  I +  1 +  1 +  1 +  1 +  I +  1 +  1 +  1 + 1

- +  I +  1 +  1 +  1 +  1 +  I +  1 +  1 +  1 +  1

da
y

in
ve

st
ig

.

3hCQ РБ BM

a S
am

ca£ 
a  pq PB BM

CQ̂acQ PB BM PB BM am
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Similar values are also osberved in the remaining rabbits irrespective of 
doses applied. On the 2nd day after PHA injection, granulocytopenia occurs 
in one third of the rabbits and on the 3-4th day in two thirds. The maxi
mum fall is marked between the 2nd and 7th day, most frequently on the 
4th day, the absolute values being usually 2—5-fold lower than the initial.

Number

Fig. 1. The diagram illustrates the results of the changes in the number of'seg- 
mented nucleated cells and lymphocytes under the effect of low pha doses

Ni/fadef-r

Fig. 2. The diagram shows the results brought about by 
changes in the number of thrombocytes under the effect 

of low pha doses

An increase in number of segmento-nucleated cells follows the suspension 
of daily injections on the 10th day, but nevertheless, it remains within 
limits, 2—3 times lower than the initial values. As illustrated in the dia
gram, the absolute number of lymphocytes is unchanged, all fluctuations 
being within the physiological limits for the rabbit.

Changes in the morphology of segmento-nucleated cells and lymphocytes 
in the peripheral blood are not found. Gumprecht’s shadows are seldom
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come across. „Blast cells“, mitoses and basophilia are not met with in the 
peripheral blood.

The results of investigating the thrombocytes in the peripheral blood show 
a reduction in number about the fourth day after undertaking the experi
ment, coinciding in time with the granulocytopenia (see diagram 2). No 
megakaryocytes are discovered in the myelograms performed on the 13th 
day of experimentation whilst, on the 20th day, the megakaryocytes and 
thrombocytes are within nbrmal limits both morphologically and quanti
tatively.

Further investigations of the same myelograms do not reveal changes 
in the white and red blood cells, nor statistically reliable hyperplasia of the 
reticular elements of the bone-marrow or changes in the morphology and 
maturation of cells.

No differences are detected in the myelograms of the rabbits, killed on 
the 30th and 80th day, each one previously treated with 20 micrograms per 
kg weight PHA (see table 2). Therefore, their cumulative myelogram is 
presented, duely elaborated statistically. It does not differ from the myelo
grams of the healthy rabbits, not treated with PHA. The latter evidence is 
in accordance with that displayed by the myelograms of rabbits №№ 8 and 
10, treated with higher doses.

Tabl e  2

Denomination M ± m 0/

Myeloblasts 0,70 0,52 0,20
Promyelocytes 2,00 2,44 0,92
Myelocytes 5,70 2,73 1,07 White cells : Red
Metamyelocytes 3,50 1,73 0,65 cells= 1,8 : 1
Nucleospindle 4,00 2,00 0,7 i
Segmentonucleated 19,30 6,93 2,61 35,20 Index of maturation- 

0,51 (1)
Proerythroblasts
Macroblasts

1,85
2,20

2,00
1,41

1,37
0,92

Normoblasts
basophilic 3,40 2,61 1,36
polychromic 11,90 4,00 1,50
orthochromic 10,00 7,75 2,92 29,35

Lymphocytes 3,30 2,54 0,96
Monocytes 0,50 — — 3,80

Small reticulum cells 14,90 2,24 0,75
Big reticulum cells 14,30 7,10 2,68 *
Ferrata’s cells 0,85 1,57 0,60
Plasmocytes 1,43 0,70 0,26 31,48

Megakar\ocytes 0,30 —

Cumulative myelogram of rabbits after injection of PHA — 20 gamma per 
kg/weight to each animal.
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The experimental animals do not show specific changes in their behaviour 
during the injection and thereafter, except for rabbit 10, to which PHA 
100 gamma kg weight was applied without desensibilization. On the 8th 
day of the experiment it sustained a shock, immediately following the injec
tion, with fatal outcome.

The results of the experiments performed on rabbits with very slight 
PHA doses, form P, show a development of granulocytopenia in the peri
pheral blood and initial thrombocytopenia of short duration. The absence 
of qualitative and quantitative changes in the myelogram is an indication 
that PHA in this instance does not account for the inhibition of granular 
cell formation, whilst the alterations observed appear to be of a different 
nature. No manifested stimulating effect of PHA upon the lymphocytes 
is established with the doses and method of application employed. In this 
connection, emphasis should be laid on the different results obtained with 
the application of massive doses (10—30 mg kg weight) of the same prepa
ration on rabbits, regardless of the presence of permanent neutropenia and 
lymphocytosis and „blast cells“ occurrence (1). The analogy in the results 
of the two parallel experiments (conditioned by the action of minimal and 
maximal PHA doses, in vivo) is accounted for by the influence exerted 
on the segmento-nucleated cells in the sense of developing granulocytopenia.

The minimal doses applied in the experiment described do not display 
a stimulating effect on the lymphocytes and their „blast“ transformation. 
It is assumed that the stated differences might be conditioned apart from 
the dosage, also from the technique of PHA application (in smaller doses 
daily, in the beginning and higher doses weekly).

Another difference in the results of the experimental settings is like-wise 
the occurrence of anisocytosis and megalocytosis in higher doses, considered 
as indirect index for the affection of bone-marrow function; similar changes 
are lacking when minimal doses are applied.

In the experimental setting described, the desensitization obviates the 
anaphylactic shock during secondary PHA applications.

The results of the work presented prove the necessity of investigating the 
effect of average PHA doses; in the latter case stimulation of lymphocytes 
is very likely to be achived. The results claimed by Humble I. G. (6, 7), 
obtained after PHA application in man, are encouraging in this respect and 
should be experimentally studied in detail. Further elucidation of the problem 
will be the scope of future investigations.
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O ДЕЙСТВИИ МИН ИМАЛ ЬНЬ1Х ДОЗ ФИТОГ ЕМОАГГЛ ю т и  н и н о в  
ИЗ PHASEOLUS VULGARIS IN VIVO

М. Т. Цонепа-Манева, I'd. Василев, К■ Перфино•:

Р Е З Ю М Е

Сообщаютсн результатн многократното внутривенного введения фито- 
гемоагглютининов (ФХА) из Phaseolus vulgaris кроликам. Использовань! 
бмли небольшие дози (20—100 гамма кг веса) форми РФХА. Наблюда- 
лась стойкая гранулоцитопения, релятивньш лимфоцитоз и кратковре- 
менная тромбоцитопения у подопьггних животннх. При используеммх 
дозах и споссбе применения, не установлено наличия стимулирующего 
действия ФХА на деление и бластную трансформацию лимфоцитов в пе 
рифернческой крови. Миелограмма била без изменений.


