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Synopsis
1) Serum from human individuals, cattle, hens and pigs carries out an in

hibitory effect on the growth of roots of wheat, Triticum savitum Lam.
The effect of serum from various species can be mutually different. The same 

is valid for the effect of serum from different breeds within the same species.
2) Serum from children in the 1/2-3 year-old age group acts less inhibitory 

than serum from adult subjects. This is confirmation of the Czech investigation 
with Lupinus albus L. in 1961.

Serum from younger subjects in cattle and hens has a less inhibitory effect 
than serum from adult individuals; on the other hand the opposite condition 
has been shown in pigs.

Thus it is not a general biological phenomenon that serum from non-adult 
subjects acts in a less inhibitory manner than serum from adult subjects.

3) In adult human individuals serum from early puerperal women has a less 
inhibitory effect than serum from non-pregnant women.

Individual sera of pregnant women acts less inhibitory than serum from 
non-pregnant women.

P R IN T E D  IN  D E N M A R K  

B IA N C O  L U N O S  B O G T R Y K K E R I A /S
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1. Introduction

a. On the p lan t hormone effect in hum an individuals in general. 
It is know n that in hum an  serum  and  urine there are to be found 
substances of a chem ical structure that is partly  identical with, 
and  partly  strongly sim ilar to, genuine p lan t horm ones.

However, the substances in the hum an  and  an im al organism  
that have an  influence on the m etabolism  of p lants have been the 
subject of very in frequent investigations. A sum m ary  of these 
was given in the au th o r’s doctoral thesis (R onnike 1961). In  this 
w ork it was show n that the effect of hum an  serum  was due to 
substances that could be characterized  as phytohorm ones or p lant 
horm ones. F rom  this will be seen such organic substances, w hich 
at low' concentrations prom ote, inhibit or qualitatively influence 
the growth of plants so th a t the effect is not dependent on the 
energy content of the substances or on their content of essential 
elem ents (L arsen  1955). Out of several hundred  subjects the 
au tho r found very fewr wdiose serum  showed special strong phvto- 
horm one effect. This renders p robable that these persons w ere 
physiologically identical w ith one of the described subjects of 
Kogl, H aagen Smit & E rxleben  (1933) with specially strong 
urine-auxine-effect.

b. The p lan t hormone effect in children and individual species 
o f animals. CizKOVA, U lrychova & R itzicka (1964) investigated 
the effect of serum  from  children (o lder than  9 m onths) and 
adolescents and  found that serum  from  these subjects was less 
inhibitory  on the growth of p lan t roots of Lupinus albus L. than  
serum  from  adult individuals. A sim ilar difference in the effect 
of serum  from  children and  adults has been confirm ed in  the 
present w ork (section 4). In  addition a com parison has been 
m ade of the effect of the serum  from  non-adu lt an d  adu lt cow s,
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hens and  pigs. In cows and  hens the sam e difference between 
the two ages as in hum ans was found. On the other han d  in  pigs 
it was found that there was a m ore inhibitory  effect w ith the 
non-adult subjects than  with the adult.

c. The p lant hormone effect in pregnant women. As early  as 
1,500 B.C. the Egyptians had  described a p lan t horm one effect 
of the u rine of p regnan t w om en. By com parison of the Carls
berg VIII papyrus in Copenhagen with sim ilar prescriptions 
found in the m edical papyrus in  Berlin, Iversen  (1939) was able 
to give a sum m ary  of a translation  in w hich the following sentence 
ap p ears: “ You shall put w heat and  barley  into purses of cloth, 
the w om an shall pass her water on it every day . . .  if both sprout 
she will give b irth  . . .  if they do not sprout, she will not give 
b irth  . . . ”

In his treatise Iversen  discusses the channels through w hich 
these prescrip tions were in troduced into E uropean  pop u lar m edi
cine w here they have rem ained  well know n until this very day. 
B ayon (1939) wrote a m onograph on the existence of the phe
nom enon in E uropean  pop u lar m edicine. In D anish p o p u lar 
m edicine the phenom enon was described by M 0ller  (1940).

A num b er of au thors have been occupied w ith the phvto- 
horm one effect of urine from  pregnant w om en: to nam e a few, 
Kögl et al. 1933, Manger 1933, H offmann 1934, B ak 1936, 
Schwind 1938, W ilberg  1944, T obias 1950 and  v. B reska 1951. 
Most of them  thought that they were able to confirm  that the 
urine of pregnant wom en had  a different effect on the growth of 
plants than  the u rine of non-pregnant w om en. Kögl et al., who, 
from  a quantitative point of view, em ployed the best p lan t test 
(coleoptile curvature test) of the above investigators, found by an 
investigation of the urine of ten 8 to 9-m onth-pregnant w om en a 
p lan t horm one excretion of about three times that of non-preg- 
nant.

In this p resen t w ork  (section 5) a com parison is undertaken  
of the effect of serum  from non-pregnant, pregnant and  early  
puerperal wom en. An inh ib itory  effect could be show n with 
certainty in the early -puerpera l that could quantitatively  be c h a r
acterized as being sim ilar to the effect in children. By investiga
tion of separate sera a less inh ib itory  effect of serum  from  the 
pregnant subjects than  from  the non-pregnant could also be shown.
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In  the present series it was, however, w ith pooled sera from  these 
two h u m an  categories not possible to show any difference.

The statistic sym bols that are em ployed in this treatise are in 
accordance w ith S nedecor 1956.

2. Technique

a. Methods o f  measuring the p lant root inhibitory activity in 
blood and urine, and blood and urine fractions respectively. In 
p lan t physiology a large num ber of s tandard  m ethods are em 
ployed for the quantitative estim ation of p lan t biological activity, 
L arsen  (1955). The m ethods used in this investigation are de
scribed in the present section. T here are two prelim inary  growth 
m ethods, I and II, and  then the procedure p roper w ith the two 
grow th-in-solution m ethods, A and  B. The two prelim inary  
growth m ethods, I and  II, and  the two grow th-in-solution m ethods, 
A an d  B, can be used interchangeably, I w ith II and  A with B.

The principle of the quantitative m ethods described here is 
fundam entally  the very sim ple one of m easuring the length in 
crem ents from  roots of Triticum sativum Lam ., variety “ S tarke” .

b. Prelim inary growth, m ethod I. Figure 1 shows the un iform  
sowing of w heat grains on w et filter paper, guided by holes in 
an  acrvl sheet. In Figure 2 the filter sheet after sowing is seen 
being w ound round  a plastic cylinder m easuring 26x7 cm. Figure 
3 shows pre lim inary  growth of w heat at 48 hours at 22°C be
tween sheets of wet filter paper rolled on plastic cylinders standing 
in  a container of water. All the cylinders of one experim ent have 
been p laced  in the sam e polythene bag.

c. Preliminary growth, method II. A nother m ethod of p re 
lim inary  growth of w heat plants appears in Figure 4, w hich 
shows w heat grains sown on specially-constructed 21 x30x0 .6  cm 
acrvl sheets in w hich 90 depressions in the shape of spherical 
segments have been m ade. The diam eter m easured in the p lane 
of the sheet is 1.5 cm. The depth of the depressions is 3 -4  mm . 
Two acryl sheets are used together, one serving as the base 
and  one as the cover, separated  by two sheets of filter paper. A 
glass ball (8 m m  in d iam eter) is placed in each corner depression 
to prevent the sheets from  being pressed together too hard . The 
acryl sheets are held together by two ru b b e r bands. The setting
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Fig. 1. Sowing of wheat grains. Fig. 2. Rolling a filter-paper sown with 
wheat round a plastic cylinder.

Fig. 3. Preliminary growth of wheat at Fig. 4. Grains sown between acryl sheets 
22° C (Figures 1—3: Method I of prelimi- (Method II of preliminary growth), 

nary growth).

up of 15 pairs  of sheets w ith about 1,300 sown grains, of w hich 
35-50 p e rc e n t will prove usable for testing, takes l 1/2 hours.

F igure 5 shows an air-cooling incubato r used for the experi
m ents. In  the door of the incubato r there is a built-in tube system 
that ensures forced circulation of a ir at constant tem perature 
throughout the experim ents, the cold a ir being sucked in from  
the refrigerating-plate com partm ent at the top of the incubator. 
A constancy of ± 0 .2°C  could be obtained. In  the bottom  com 
partm en t of the incubato r a plastic container (31 x32x25  cm )
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Fig. 5. Air cooling incubator for preli- Fig. 6. Selection and measurement of 
minary growth and growth in solution. plants before growth in solution.

Fig. 7. A measuring setup. Fig. 8. Growth in polystyrol trays.

can be seen covered by  a polythene sheet. The container holds 
up  to 15 of the prelim inary-grow th sheet pairs. The w ater level 
is 2-3  cm  above the bottom  of the container. Only ion-exchanged 
+ distilled w ater has been used. After 48 hours of p re lim inary  
growth at 22°C the plants have a length of 20 ± 1 0  mm.

d. The preparation and measurement o f p lants prior to, and  
after, growth in solutions. Figure 6 illustrates the selection and  
m easurem ent of p lants prior to growth in the solutions. During 
the handling  of the p lants it is advantageous to w ear special 
m agnifying glasses. A m illim eter scale fitted on an angled knife
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Fig. 9. A complete experiment of 20 so- Fig. 10. Arrangement of 40 cups, each 
lutions, each with 20 seedlings (Figures containing 10 plants (Growth in solu- 

8-9: Growth in solution, method A). tion, method B).

is used for the m easuring. Only the central positive geotropic of 
the sem inal roots are used for the experim ents, the lateral sem inal 
plagiogeotropic roots are, in the m a in — see la te r— cut olT. In  the 
s tandard  m ethod only p lants w ith a central root length of 20—22 
(± 5 )  m m  are used. A 17x22x0 .9  cm  tray , divided into 40 sec
tions of 4 x 2 x 0 .9  cm, filled w ith re-distilled w ater m ay be used 
for p re lim inary  floating of the plants before these are m oved to 
the trays of m ethod A (F igure 8) or the cups of m ethod B (Figure 
10)— see later.

Tim e will be saved if a dictating m achine w ith a foot control 
switch is available for recording the m easurem ents.

The final m easurem ent of p lants after growth in the solutions 
(a fter 24 hours in the s tandard  m ethod) is best done by m eans 
of a setup as show n in Figure 7: a m illim eter scale behind  a 
large lens.

e. Growth in solution, method A. On the right of Figure 7 
can be seen one of the special polystyrol trays (ob tainab le from  
“ D ansk F orm stof” , 7 Lergravsvej, Copenhagen S) of m ethod A 
of the growth-in-solution m ethods, w ith the solutions to be tested. 
Five pairs of these trays cover a com plete experim ent. Figure 8 
shows a pa ir of trays, i.e . a whole experim ent in m iniature, re 
peated five times in the aggregate experim ent, w here each pair 
of trays has its own random  succession of the twenty different 
solutions of the experim ent, i.e . a block experim ent arrangem ent.
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f. Growth in solution, method B. Figure 10 shows a setup 
consisting of 40 cy linder-shaped 25 m l cups m easuring 5x2 .5  cm 
(ob tainab le from  the firm of “ N unc” , Algade, Roskilde, Den
m ark ). The grow th-cups setup occupies far less space than  the 
polystyrol-tray setup. The cups are discarded after use. In the 
plastic lids 10 holes of 3.6 m m  diam eter have been cut. The 
holes are peripheraly  arranged  so that the upper inner edge of 
the cups partia lly  closes the holes, thus allowing access for the 
roots only and  preventing the whole plants from  falling into the 
liquid. A nother type of lid (ob tainab le from “ Helge Buchs 
Eftflg.” , 55 Kapelvej, Copenhagen N .) is m ade of acrvl plastic 
and  has an inner diam eter of 29 m m  and  a thickness of 4.5 mm, 
w ith 10 part-cylindrical, part-conical holes, 5x2 .6  m m . This gives 
extrem ely good support for the seedlings and  renders unnessarv  
the tim e-consum ing cutting oil of the lateral sem inal roots of the 
plants.

After use the lids are disinfected with a strong hydrochloric 
acid solution.

In the standard  m ethod 20 p lants are grown in each solution, 
10 in each of two cups. In  m any  experim ents, however, 30 or 40 
plants have been used in each solution.

The cups are coded at the beginning of each experim ent, and 
the succession of the cups during the experim ent is a random  one.

The centre com partm ent of the incubato r of Figure 5 contains 
5 plastic boxes of cups w ith plants of the growth-in-solution 
m ethod B.

3. Variability in the Inhibitory Effect of Human Serum on
Root Growth

a. The preparation o f the serum and salt samples. The blood 
sam ples w ere usually  taken  in the m orning. The sam ples were 
left for a few hours and then centrifuged, the serum  was rem oved 
w ith a pipette. On m any occasions the blood serum  was kept 
undilu ted  for m any  days at - 2  5°C. Such storage, as dem onstra
ted below, had  no effect on the obtained values. The serum  
sam ples were dilu ted  m ostly to 0.5 or 1 per cent with a salt solu
tion of ha lf the concentration used by Shive (1915), i.e . 2.5 mM 
C a(N 0 3) 2, 7.5 mM M gS04 and 9.0 mM KH2P 0 4, denoted in the
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Date o f experiment, 1964
Fig. 11. Variability in the effect of three types of serum. Serum I, serum with a 
low inhibitory effect. Serum II, serum with an intermediate inhibitory effect. 
Serum III, serum with a high inhibitory effect. Growth in control (Shive’s solution) 
and in serum diluted to 1 per cent with Shive’s solution. Shown at the head of

each column is the S.D.

following as “ Shive” . Sometim es, however, the concentrations 
used by S h iv e  were used (the experim ents in Figure 14). In some 
experim ents a phosphate butler solution 1/150 M at pH 6.0 with 
addition of 5 mM C a(N 0 3)2 has been used. The serum  dilutions 
were p repared  im m ediately  prio r to use. Growth in salt solution 
w ithout serum  served as a control.

At first Lupinus albus L. was used by the author, bu t w as a b a n 
doned in favour of Triticum sativum Lam. as relatively large q u a n 
tities of se ru m — 0.1 m l—were requ ired  for each L upinus p lan t 
com pared  with about 12.5 ¡A for each Triticum  plant.

b. The variability in the effect o f one fresh serum sample w ith in  
a single experiment. In experim ents w ithout addition of serum , 
standard ized  as described above, the S.D. of a single determ in a
tion was 1-2 m m  and  with addition of serum  to 1 per cent, 0 .5 - 
1.0 mm.

Figure 11 illustrates the variab ility  in the effect of fresh serum  
sam ples in three different experim ents. The experim ents de-
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Fig. 12. Effect of storage of serum taken on a single day of one normal person. 
Comparison with the effect of non-stored serum in 13 experiments. Serum diluted 
to 1 per cent with Shive’s solution. -  First column in each experiment: Control 
growth, i.e. growth in Shive’s solution. -  Second column in each experiment: 
Growth in dilution of non-stored serum. -  Third column in each experiment: 
Growth in dilution of serum stored from 5/VIII 1964. -  Shown at the top of each 
column is t . 05s- . -  Conclusion: No difference in inhibitory effect of stored and non-

stored serum (P >0.5).

m onstrate the effect of sera w ith, respectively, a low, a m edium  
an d  a high inhibitory  effect. E ach  colum n value in  Figure 11 is 
the m ean  of growth of 200 roots. The S.D. is shown at the head 
of each colum n.

c. The variability in the effect o f non-stored serum compared 
w ith  stored serum. The influence of serum  is also dem onstrated 
by the thirteen experim ents of Figure 12. Serum  from  a single, 
norm al person was used in each of the 13 experim ents carried  
out on different days. On the first day of the experim ents a large 
serum  sam ple was p repared  an d  pipetted off in  2 m l portions, 
these were kept at -2 5 ° C  until use. In  each experim ent the 
effect of one stored portion w as com pared  w ith freshly p repared  
serum . Figure 12 shows the variability  of the m ean  growth in :
(1) Control solution (S h ive’s solution), (2 ) 1 per cent diluted se
rum , p rep ared  from  sam ples of freshly d raw n blood, and  (3) 
1 p e rc e n t diluted serum , p repared  from  serum  stored at -2 5 ° C .
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Fig. 13. Effect of storage of serum taken on many days from two persons, A and B. 
Two experiments: 4/V 1965, experiment with serum of person A and 13/IV 1965, 
experiment with serum of person B. Serum diluted to 1 per cent with Shive’s 
solution. — Solid straight lines: Lines of the estimating equations for the two sets 
of data. Dashed lines: Zones of ± t  05 sy  x  ‘ ~ Conclusion: No significant regression 
ip  >0.5) in the two experiments, i.e. storage had no effect on the inhibitory effect

of serum.

It is seen that although variations occur in the total growth, 
no significant difference could be dem onstrated  between the 
freshly p repared  serum  and  the stored serum , (P > 0 .0 5 ) . Thus 
only sm all variations m ay have occurred in the inh ib itory  effect 
of the blood from  the subject during the period of the sam pling.

T hat storage at -2 5 ° C  does not alter the inhibitory  effect is 
also dem onstrated  by the two experim ents from  two norm al 
persons A and  B shown in Figure 13. The serum  sam ples from  
each person were each exam ined in a single experim ent in such 
a w ay that all the determ inations of the effect of all the serum  
sam ples of each person were carried  out sim ultaneously. Serum  
p repared  from  a blood sam ple taken daily  on 15 consecutive 
days and  stored undilu ted  at -2 5 ° C  for up to 15 days is w ithout 
influence on the inh ib itory  effect of serum  from  the two persons.

These experim ents also dem onstrate that only slight v a r ia 
tions in the inhibitory  effect of serum  seem to occur in norm al
persons.
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d. Influence o f serum concentration, growth time, growth tem 
perature and pooling o f serum. The influence of variation  of 
serum  concentration, growth time, growth tem peratu re  and  pool
ing of serum  is described in section 6.

4. The Inhibitory Effect of Serum from Children, Chickens, 
Calves and Young Pigs compared with the Effect of Serum 

from Adult Individuals
a. The effect o f  serum from different species and breeds. The 

effect of serum  from  different species can show large variations. 
Thus in table 1 it can be seen how the effect of serum  from  pigs 
differs strongly from  the effect of serum  from  the hum an  ind ividual 
and  cattle.

The effect of serum  from  different breeds w ithin the sam e 
species of anim al can also vary, table 2. For instance, in hens it 
is possible to show a difference between W hite Leghorns and  
Brown Leghorns and  between Brown Leghorns and  W hite Ply
m outh  Rocks, and  in cattle between Red D anish Milk Breed and  
Black and  W hite D anish Milk Breed.

b. The effect o f serum from children and adults. Cuzkova, 
U lrychova & R uzicka (1964) have show n that serum  from  
children has a less inhibitory  effect than  serum  from  adults. 
CIzkova et al. used Lupinus albus L. In  o rder to investigate 
w hether it would be possible to dem onstrate this difference with

T a b l e  1. The Effect of Serum  from  Different Species.

SPECIES No. of individuals
Growth, 24 hrs., 22° C 

± t - 05sx 
mm

Man (Homo sapiens) 7 7.3 ±0.4

Cattle (Bos taurus L.), 6 8.3 ± 1.7
Red Danish Milk Breed

Pig (Sus scrofa L.), 7 13.4 ±1.3
Danish Landrace

Growth in serum diluted to 1 per cent with Shive’s solution. One experiment: 
18/1 1966.
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Table 2. The Effect of Serum  from  Different Breeds.

BREEDS
Date of experiment

No. of 
individuals

Growth,
24 hrs., 22° C

± i - 05s5 
mm

Probality of 
no difference

Hens (Gallus domesticus L.)
White Leghorn..................... 10 13.5 ±0.4

0.01 < P <  0.05
Brown L eghorn...................

6/X  1965
10 12.1 ±0.8

Hens (Gallus domesticus L.)
Brown L eghorn................... 10 12.9 ±1.2

0.005 < P < 0 .01
White Plymouth Rocks . . . 

25/IX 1965
10 10.8 ±0.9

Cattle (Bos taurus L.)
Red Danish Milk Breed . . .  
Black and White Danish

10 12.3 ± 1.2
0.025 < P <  0.05

Milk B r e e d ............................
26/XI 1965

10 14.1 ±1.2

Growth in serum diluted to 1 per cent with Shive’s solution. Three experiments.

other p lan t species the experim ents were carried  out w ith Triticum  
sativum Lam.

The results are show n in Figure 14; in  each of the 15 experi
m ents an  equal num ber of ch ildren and  adults took part, in all 
72 children  and  72 adults.

F igure 14 shows that the p lan t roots grew longest in  the 
control solution, next longest in the serum  from  children  and  
least in the serum  from  adults (P  <0.001). T hus serum  from  
young ch ildren inhibits the growth of the cells in the m eristem s 
near the tips of the p lan t roots less th an  serum  from  adu lt in 
dividuals, an d  so the experim ents confirm  the results of CizKOVA 
et al.

It should be pointed out that the experim ents in Figure 14 
were carried  out w ith a technique that varies slightly from  that 
described in  section 2 as the experim ents w ere carried  out in  a 
period p rio r to the com plete standard ization  of the technique.

CizKOVA et al. also found that the inhibitory effect increased 
with age, so that the effect at 15-18 years of age corresponded 
to that of adults.
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Fig. 14. Effect of serum from children and adults. 15 experiments with serum from 
72 different normal children 1/2-3  years old and 72 different normal adults. -  
First column in each experiment: Growth in control (Shive’s solution). -  Second 
column in each experiment : Average growth in 1 per cent dilutions of serum from 
5 (4-5) different normal adults. -  Third column in each experiment : Average 
growth in 1 per cent dilutions of serum from 5 (4-5) different children. -  Conclu
sion: Lesser degree of inhibition of serum from children compared with serum of

adults (P <0.001).

Com parative experim ents w ith serum  from  children  of various 
ages and  adults are illustrated  in  Figure 15. It can be seen how 
the difference in  the effect of serum  from  children and  serum  from  
adults is clearly m arked  in the two experim ents w ith children 
u n d er the age of 2. On the other h an d  a significant difference 
could only be dem onstrated  in one of the two experim ents w ith 
ch ildren in the 6-8  age group, and  no difference could be shown 
in either of the two experim ents w ith children aged about 15. 
The results of these experim ents are in agreem ent w ith those of 
Cízková et al.

c. The effect o f serum from non-adult and adult cattle and hens. 
In  order to see w hether a difference com parable w ith that that 
exists between ch ildren  and  adults could also be showm in an i
m als, determ inations of serum  from  hens, cattle and  pigs were 
carried  out.

The effect of serum  from  hens of the W hite P lym outh Rocks 
breed  can  be seen in  Figure 16. As a control in each experim ent 
a num ber of about-one-year-old hens were used. In  the experi
m ents the effect of serum  from  the hens was com pared  w ith

Biol.Medd. Dan.Vid. Selsk. 24. no. 2. 2



18 Nr. 2

AverageCH/LD-AGE, years
Fig. 15. Effect of serum from children at different ages. 6 experiments with serum 
of 50 different normal children at different ages and serum of 46 different normal 
adults. Serum diluted to 1 per cent with Shive’s solution. -  First column in each 
experiment: Average growth in dilutions of serum from about 10 adults. -  Second 
column in each experiment: Average growth in dilutions of serum from about 
10 children. Shown at the head of each column is t 0&s - . -  Conclusion: Only at the 
two youngest ages did all the children have inhibitory serum effects different

from adults.

serum  from  17-, 69-, and  125-day-old chickens. The blood from  
the 17-day-old chickens w as obtained by decapitation, w hilst the 
blood from  the others was taken  from  a wing vein.

A clear difference could be show n in all three experim ents 
(P  <0.001, P <0.001 an d  0.01 < P  <0.025).

The inh ib itory  effect of serum  from  cattle is illustrated  by the 
last three experim ents in Figure 16. A com parison of the effect 
of serum  from  3-week-old calves an d  24-week-old heifers was 
m ade w ith the effect of serum  from  adult cattle. In  both cases a 
difference could be show n between the younger an im al and  the 
adult (P  <0.001). On the other h an d  it w as not possible to show 
a difference between the effect from  calves and  the effect from  
heifers—the last experim ent in Figure 16.

In  respect to hens and  cattle the sam e relation as in  m an 
could thus be show n: a less inhibitory  effect in  the non-adu lt 
subjects com pared  w ith the effect from  adult.
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Date of experiment 1965-66
Fig. 16. Effect of serum from hens (White Plymouth Rocks) and cattle (Red 
Danish Milk Breed) at different ages. 6 experiments showing effect of dilutions to 
1 per cent of serum from 118 different animals. -  First column in each experiment: 
Average growth in serum dilutions of about 10 adult animals (except experiment 
12/XI 1965). -  Second column in each experiment : Average growth in serum 
dilutions of about 10 non-adult animals. -  At the head of each column is shown 
t 0 5 s Conclusion: Lesser inhibitory effect of serum from non-adult animals of 

hens and cattle compared with the effect of serum from adult individuals.

d. The effect o f serum from non-adult and adult pigs. In  table 
3 the inh ib itory  eiTeet of serum  from  adult pigs is rep roduced  
com pared  w ith the effect of serum  from  five-week-old and  six-

Table 3. The Effect of Serum  from  Pigs at Different Ages.

AVERAGE AGE

Pigs (Sus scrofa L.)
Danish Landrace 

Date of experiment

No. of 
individuals

Growth,
24 hrs., 22° C

± l - 05sx 
mm

Probability of 
no difference

3-5 w eek s.............................. 9 12.7 ±1.5
3 years....................................

3/XII 1965
10 15.5 ±0.3 0.001 < P < 0 .005

6 m onth.................................. 10 14.9 ±1.2
3 years ....................................

9/X II 1965
10 17.2 ± 0.9 0.005 < P <  0.01

Growth in serum diluted to 1 per cent with Shive’s solution. Two experiments.
2*
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Date o f experiment fX_ - X_ t 1964
Fig. 17. Effect of serum from non-pregnant, pregnant and puerperal women. 10 
experiments with growth of about 4000 plants in dilutions to 1 per cent of serum 
from 180 women. — First column in each experiment: Growth in control solution 
(Shive’s solution). -  Second column in each experiment: Average growth in dilu
tions of serum from 6 different, non-pregnant, normal women. -  Third column in 
each experiment: Average growth in dilutions of serum from 6 different women, 
normal pregnant in the third trimester. -  Fourth column in each experiment: 
Average growth in dilutions of serum from 6 different women in normal, early 
puerperium. -  Conclusion: Differences between effect of serum of the three cate

gories of women (P <0.005).

m onth-old pigs. It can be seen that in  pigs a stronger inhibitory 
effect of the serum  from  younger anim als could be dem onstrated  
com pared  w ith the effect from  adult an im als: that is to say, the 
inverse relation to that w hich obtains in m an and  the two other 
investigated species of anim al.

T hus it appears not to be a general phenom enon that the 
inh ib itory  effect of the serum  from  adult subjects is greater than  
the effect from  non-adult subjects.

5. The Inhibitory Effect of Individual Serum Samples from 
Normal Pregnant and Puerperal Women

a. The effect o f serum from non-pregnant, pregnant and puer
peral women. The effect of serum  from  60 non-pregnant, 60 
pregnant and  60 earlv -puerperal norm al w om en was investigated 
in 10 m utually  independent experim ents (Figure 17). In each
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Date of experiment VIII - IX -X  - Xt -X II-I 1965 - 1966
Fig. 18. Effect of serum from 17 different women during and after normal preg
nancy. 17 experiments with growth of about 6000 plants. Each experiment shows 
the effect of serum from a single women in the pregnant and early puerperal state 
and 1 month or later after delivery. -  First column in each experiment: Growth in 
control solution (Shive’s solution). -  Second column in each experiment: Average 
growth in dilutions to 1 per cent of serum from 6 (5-7) different days 1 month 
and/or later after delivery. -  Third column in each experiment: Average growth 
in dilutions to 1 per cent of serum from 6 (5-7) different days during late pregnancy. 
-F ourth  column in each experiment: Average growth in dilutions to 1 percent 
of serum from 6 (5-7) different days in early puerperium. -  Conclusion: Differences 
between effect of serum of the three categories of physiological states (0.01 <P <0.02

and P <0.001).

experim ent an  average of separate determ inations on 6 n o n 
pregnant, 6 p regnan t (in  the th ird  trim ester) and  6 early  puerpera l 
w om en was carried  out. It can be seen from  Figure 17 that the 
largest inh ib itory  effect could be shown from  the non-pregnant, 
the least from  the early puerpera l and  an in term ediary  elfect 
from  the serum  from  pregnant wom en. By calculations that in 
clude the separate experim ents only it will often not be possible 
to show any  difference, on the other hand  by calculations that 
include all m ean  values of the three categories of w om en a 
significant difference can  be show n with the significant figure as 
quoted on the figure.

b. The effect o f  serum from 17 women during and after preg
nancy. The effect of serum  during pregnancy, in early  puerperium  
and  one m onth or m ore after delivery was investigated in 17 
norm al w om en (F igure 18). Separate determ inations were m ade 
of 18 serum  sam ples from  each w om an: these were 6 sam ples
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Partus Day after partus
Fig. 19. Effect of serum of two women I and II in three normal puerperal weeks 
after delivery. Solid curved lines: Estimated parabolas of two sets of data .-  
Conclusion: Puerperal effect of less inhibition disappeared three weeks after de

livery.

taken  on 6 different days during  the later pregnancy, 6 sam ples 
taken  on 6 days in  the early  p u erp eriu m  and  6 sam ples from  6 
days at least one m onth  after delivery. In this series of experim ents 
it also could he show n that on an  average the strongest inh ib itory  
effect occurs in the non-pregnant, an in term ediary  effect in the 
p regnan t and  the w eakest inhibitory  effect in the early  puerperium .

c. The effect o f serum from two puerperal women in the three 
weeks after delivery. The effect of serum  in the first three weeks 
after delivery from  two w om en, I  and  II, is shown in Figure 19. 
Two second degree polynom ials are show n in the figure: the 
graphical representations of these take into account the experi
m ental data  so that the sum  of the square  of the distances from  
the p arabo las to the experim entally-found points is a m inim um . 
T he possibility that these curves are curv ilinear is over 99 per 
cent and  as constant level (w here d y/d x  = 0) is obtained  after 
three weeks there is thus evidence that a lesser inhibition  exists 
in the period just after delivery, and  also evidence th a t this re 
duction d isappears after three weeks. This experim ent is thus 
in agreem ent w ith the average results of the previously described 
experim ents.
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6. The Inhibitory Effect of Pooled Serum
a. Pooled serum samples compared w ith individual serum sam 

ples. Ind iv idual determ inations w ith serum  from  different in 
dividuals often show a large varia tion  caused partly  by analysis 
erro r and  partly  by  the ind iv idual variation. This com plicates 
a com parison of the effect of serum  from  different subject cate
gories. In a com parison of the effect of serum  from  non-pregnant, 
pregnant an d  pu erp era l wom en it is thus necessary either to in 
vestigate serum  from  a very large num b er of subjects or, if  fewer 
subjects are available, to investigate each subject repeatedly.

In order to investigate if the num ber of analyses could be 
reduced  by em ploying pooled serum , a com parison w as m ade 
of the growth in 1 per cent dilutions of ind iv idual sera and  1 per 
cent dilutions of a pooled serum  produced  from  the sam e sera. 
The resu lt of this com parison appears in Figure 20 w here in two 
experim ents a determ ination was m ade of the effect of serum  
from  20 w om en: th a t is 10 non-pregnant w om en in  the experi
m ent on 10/11 1966 and  10 early  puerpera l w om en in  the ex
perim ent on 29/1 1966.

It can be seen th a t it has not been possible to dem onstrate a 
difference between the average effect of the ind iv idual sera and  
that of the pooled serum . As expected it can  also be seen that the 
s tan d ard  deviation is less for the pooled serum  th an  for the 
ind iv idual sera.

The experim ents thus ap p ear to show that pooled serum  
ought to be preferred  for a com parison in  groups of several 
subjects based on the greater precision w ith w hich  it is possible 
to determ ine the average values an d  because fewer of the time- 
consum ing plant-experim ents need be m ade.

b. The effect o f  pooled serum from non-pregnant, pregnant and  
puerperal women. In  a series of experim ents a com parison was 
m ade of pooled sera from  60 non-pregnant, 60 p regnant and  
60 early -puerpera l norm al wom en. H ere a difference could be 
show n between the serum  of the early -puerperal w om en com 
p ared  w ith the serum  of the other two categories: on the other 
h an d  no difference could be dem onstrated  in  the p resen t series 
between the effect of the serum  from  the pregnant w om en an d  the 
non-pregnant w om en.

R eproduced in table 4 are the results from  one of the experi
m ents in  this series. Serum  from  the puerpera l w om en had  the
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Date of experiment,
1966

Fig. 20. Pooled serum compared with samples of individual serum. Two experi
ments: 10/11 1966: Serum from ten normal, non-pregnant women and 29/1 1966: 
Serum from ten normal, puerperal women. Serum diluted to l per cent with 
Shive’s solution. At the head of each column is shown + S.D. _ Conclusion: No 
difference of average growth in two types of serum dilutions, lesser S.D. in pooled

serum dilutions.

least inh ib ito ry  effect, 11.5 ± 0 .4  m m , com pared w ith 8.9 ± 0 .6  m m  
in the pooled serum  of the pregnant w om en and  8.7 ± 0 .3  m m  in 
the pooled serum  of the non-pregnant wom en.

c. The effect o f variation o f concentration o f pooled serum from  
puerperal and non-pregnant women. The effect of different con
centrations of the pooled serum  from  0.25 to 5.0 per cent from  
p u erp era l and  non-pregnant w om en is show n in Figure 21. Also 
show n in this figure is the effect of 5m M  Ca++ and  10-6 M of the 
an tiauxin  para-chloro-isophenoxy-butyric acid  (PC IB ) at the 
sam e serum  concentrations. The serum  is dilu ted  w ith a phos
phate buffer 1/150 M at pH  6.0. After dilution ad justm ent is 
made with 0.1 N HC1 to pH 6.0. It can be seen that an increase 
in the concentration of the serum  alone does not cause any large 
increase in the inhibition. The difference between the two types
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T a b l e  4. T he Effect of Pooled Serum  from  P uerperal, P regnant 
and  non-Pregnant, N orm al W om en.

TYPE OF POOLED 
SERUM

(No. of determinations)

Average growth 
of 20 plants 
24 hrs., 22° C 

i t -  05s J 
mm

Average growth 
of 120-140 plants

± t .  05si  
mm

Pooled serum of 60 11.9 ±  1.1
puerperal women 11.9 ±0.9

11.6 ± 1.4 11.5 ±0.4
(6) 11.4 ±0.8

11.4 ±1.3
10.8 ±1.0

Pooled serum of 60 9.4 ±1.5
pregnant women 9.4 ±0.9

9.2 ±1.0 8.9 ±0.6

(6) 9.1 ±1.0
8.5 ±0.9
8.0 ±0.8

Pooled serum of 60 9.2 ±0.8
non-pregnant women 9.1 ±0.6

9.0 ± 0.8 8.7 ±0.3

(?) 8.7 ± 0.7
8.5 ±0.9
8.4 ±0.7
8.3 ±1.0

Pooled serum diluted to 1 per cent with Shive’s solution. One experiment: 
24/X 1966.

of serum  is also sm all. The addition of 5 mM CaT+ m arked ly  
changes the effect of the two sera so th a t a distinct correlation 
between the concentration of the serum  and  its inh ib itory  effect 
is dem onstrable. This becom es m ore distinct on the addition of 
both 5 mM Ca++ and  lO“6 M PCIB. H ere the growth increases 
strongly w ithout the addition of serum . At the highest serum  
concentration a stronger inhibitory  effect is ob tained by the ad d i
tion of Ca++ and  PCIB th an  w ithout the addition of Ca++. For 
all the curves in Figure 21 it m ay be said th a t the pooled serum  
from  puerpera l w om en has show n less inh ib itory  effect than  
pooled serum  from  non-pregnant.

R eproduced in Figure 22 is the effect of a variation  of two
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X - ---K  puerperal
•— • non-pregnant POOLED SERUM,per cent

2 / M  1966 5 /X iI  1966 2 0 / XU 1966
Fig. 21. Effect of different concentrations of serum without and with addition of 
5 mM Ca(X03)2 and 10~6 M of the antiauxin PCIB. Dilution of pooled serum with 
1/150 M phosphate buffer at pH 6.0 to 0.25, 0.5, 1.0, 2.5 and 5.0 per cent. Three 
independent experiments. -  Conclusion: Lesser puerperal inhibitory effect present 

in all cases of changed growth of plants.

PCIB concentrations for two different concentrations of pooled 
serum  from  p u erp era l an d  non-pregnant w om en: 0.5 an d  5.0 per 
cent. The serum  is diluted w ith S orensen’s phosphate buffer 
1/150 M + 5 mM C a(N 0 3) 2 at pH  6.0. It can be seen that an  
increase of the concentration of PCIB to 10~5 causes a further 
growth of the roots of the p lants used in the experim ents; on the 
o ther han d  an increase of the concentration to 10~4 results in 
norm al growth. The effect of the serum  is seen to be reduced  
in  that no inh ib itory  effect of the serum  is obtained on dilution 
to 0.5 per cent an d  the inhibition  by  dilution to 5.0 per cent is 
reduced. The serum  from  the puerp era l wom en in relation to 
that from  the non-pregnant is seen in all three curves to have 
the less inh ib itory  effect.

To sum  up  it m ay be said th a t despite the growth varia tion  
on addition  of Ca~+ an d  PCIB pooled serum  from  the puerpera l 
shows a less inh ib itory  effect com pared  w ith serum  from  the non
pregnan t w om en.

d. The effect o f  variation o f pH-value. The effect of a v a r ia 
tion of pH  in pooled p uerpera l and  pooled non-pregnant serum
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x—x puerperal -x
. /POOLED SERUM, per cent. •—• non-pregnant s  ‘ r

A single, factorial experiment 7/ XII 1966
Fig. 22. Effect of two concentrations of serum at two concentrations (10~5 and 
10~4 M) of the antiauxin PCIB. A single, factorial experiment. Dilution of pooled 
serum with 1/150 M phosphate buffer at pH 6.0 and 5 mM Ca(N03)2 to 0.5 and 
5.0 per cent. -  Conclusion: Lesser puerperal inhibitory effect present in all cases 

of changed growth of plants.

o - o  CONTROL
puerperal 
non-pregnant 
2 Ô /X L  1966

> POOLED SERUM, 
0.5per cent

Fig. 23. Effect of different pH-values. Growth in pooled serum diluted to 0.5 per 
cent with 1/150 M phosphate buffer and 5 mM Ca(N03)2. — Conclusion: Lesser 

puerperal inhibitory effect present at all pH-values.
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o - o  CONTROL 
x— x puerperal
•— • non-pregnant POOLED SERUM, 0.5per cent

Fig. 24. Effect of different durations of growth at two temperatures, 10° C and 
22° C. Serum diluted to 0.5 percent with 1/150 M phosphate buffer at pH 6.0 and 
5mM  Ca(N03)2. -  Conclusion: Lesser inhibitory puerperal effect present at both 

temperatures and at all times of growth.

diluted to 0.5 per cent is seen in Figure 28. Serum  from  the two 
categories of w om en is dilu ted  w ith 5 mM C a(N 0 3) 2 in a phosphate 
buffer, 1/150 M at pH  6.0, as an  outlet th inner. After this the 
ad justm ent of the pH  values to pH  4.0, 5.0, 6.0, 7.0 and  8.0 is 
m ade by the addition of 0.1 N HC1 or NaOH. Figure 23 also 
shows the larger growth in  the dilutions w ith pooled puerpera l 
serum  th an  w ith pooled non-pregnant serum  for the investigated 
pH  values.

e. The effect o f  growth time and growth temperature. Figure 
24 shows two experim ents w ith growth in 0.5 per cent pooled 
serum  from  puerp era l an d  non-pregnant wom en. The growth of 
the p lan ts took place at respectively 10° and  22°C for up  to 43 
hours. On the w hole proportionality  between the growth and  the 
length of the experim ent could be dem onstrated . T hus, in  the 
serum  solutions, there is in fact an  actual inhibition  of growth 
and  not, for exam ple, a delayed com m encem ent of growth. As 
expected the qu icker growth took place at 22°C.

In  these experim ents as well the serum  from  puerp era l w om en 
had  the less inh ibitory  effect.
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7. Discussion

The discovered less inh ib itory  effect of serum  from  children  
in relation to adults is confirm ation of the results of the Czech 
investigations m ade in 1961 (C îzkovâ, U lrychovâ & R uzicka). 
Lupinus albus L. was used in these Czech investigations, w hilst 
in the present investigations Triticum sativum Lam . was used. 
Thus, that it has been possible to show the sam e phenom enon 
w ith two different species of p lants m ust be considered as ad d i
tional confirm ation of the existence of the phenom enon.

A sim ilar relation as that in h um an  ind ividuals has, as m en
tioned, also now been shown in cattle and  hens. On the other 
h and  serum  from  non-adult pigs had  a larger inh ib itory  effect 
than  serum  from  adu lt pigs. In  h u m an  ind ividuals it has also 
been possible to show a less inhibitory  effect in puerpera l w om en 
in the first days after delivery com pared with other norm al adult 
persons. On the other h an d  it m ust be considered as uncertain  
if there is a difference in the inh ib itory  effect of serum  from 
pregnan t w om en com pared  w ith non-pregnant wom en.

The root inh ib itory  effect of h um an  serum  is determ ined by 
substances that m ust be characterized as phytohorm ones of pre- 
dom inently  auxin  type. These substances occur partly  in the free 
state and  partly  bound  to the serum  proteins (R onnike 1961). A 
dom inating p art of the inhibitory  effect of urine and  serum  is 
due in  all probability  to indole-3-acetic acid, bu t it is also con
ceivable th a t other substances are playing a role as an  antagonis
tic effect between various substances can also appear. An antag
onistic effect can  thus ap p ear partly  in  the form  of greater or 
lesser inactivation by binding, partly  thereby  that p erhaps su b 
stances w ith a growth prom oting effect m ay  be found.

The difference in the effect of ind iv idual and  pooled sera from  
pregnan t wom en w here the inh ibition  of the ind iv idual sera 
show ed d isparity  in  effect opposite the pooled sera, can thus 
possibly find an  explanation in that the ind iv idual sera w ith the 
m ost strong inhibition  contains either a deficit of growth p ro 
moting substances or a deficit of inactivating substances or both.

The experim ents available up to now do not perm it however 
a definite decision on w hether there exists a qualitative difference 
as an  explanation of the various serum  effects and  until fu rther
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it is quite n a tu ra l to assum e that the variation in the concen tra
tion of the sam e substances in  various subjects is the m ost im 
p ortan t factor. An experim ental support o f this is found in  the 
experim ents in  section 6 w ith Ca++ and  the an tiauxin  para-chloro- 
phenoxybutvric  acid (PC IB ). Sufficiently thorough analyses of 
the results of the experim ents w ith serum , Ca+f and  PCIB are 
difficult to ca rry  aut, bu t it should  be stated that the antagonism  
betw een Ca++ and  PCIB opposite pooled puerpera l an d  pooled 
non-pregnant serum  was fairly  equally  p ronounced  opposite 
both the two concerned types of serum  at all the investigated con
centrations of serum  (Figures 21 and  22). In  other experim ents, 
too, it has not been possible to find a com bination of serum , Ca++ 
and  PCIB concentrations w here the difference between the two 
serum  types was dim inished or augm ented.

T hus, these re la tionsh ips m ake it p robab le that the difference 
in the effect of serum  from  p uerpera l and  non-pregnant wom en 
is m ore of a quantitative type than  a qualitative one.

The less inh ib itory  effect in young subjects has as well as in 
h u m an  ind iv iduals also been shown in cattle an d  hens. No investi
gations exist that can  show if the inh ib itory  effect in these species 
of anim als in  a qualitative respect differs from  that in the h u m an  
ind ividual. It does not seem however to be a general biological 
phenom enon that serum  from  non-adu lt subjects w orks less in 
hibitory  that serum  from  adult subjects, w hich the determ inations 
on non-adu lt pigs seem  to show as the effect here, as m entioned, 
w as found to be m ore inh ib itory  than  the effect in adu lt pigs.

It is uncertain  as to the reason for this d iscrepancy between 
the species. M any considerations of a sim ilar nature to those 
above about the in terp lay  betw een inh ib itory  and  prom oting su b 
stances can be m entioned, to w hich also can be added  considera
tions of different selectivity in the excretory activities in the v ari
ous species of anim als.
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9. Summary

(1) Serum  from  h u m an  individuals, cattle, hens an d  pigs 
carries out an  inh ib itory  effect on the growth of roots of wheat, 
Triticum sativum Lam.

The effect of serum  from  various species can be m utually  
different. The sam e is valid  for the effect of serum  from  different 
breeds w ithin the sam e species.

(2) Serum  from  children in  the V2 - 3  year-old age group acts 
less inhibitory  than  serum  from  adu lt subjects. This is confirm a
tion of the Czech investigation w ith Lupinus albus L. in  1961.

It has now also been possible to show that serum  from  younger 
subjects has a less inh ib itory  effect th an  from  adult in cattle and  
hens, on the other h an d  the opposite condition has been shown 
in pigs.
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T hus it is not a general biological phenom enon that serum  
from  non-adu lt subjects acts in a less inh ib itory  m an n er than  
serum  from  adu lt subjects.

(3) In  h um an  ind iv iduals it has now also been show n th a t 
serum  from  early puerpera l w om en has a less inh ib itory  effect 
th an  serum  from  non-pregnant and  p regnant wom en. On the 
other han d  it is uncertain  if the serum  from  pregnant w om en 
acts less inh ib itory  than  serum  from  non-pregnant w om en as 
determ inations on ind iv idual sera showed this difference w hile 
in the present series this was not the case w ith determ inations on 
pooled sera.

The University Department of Obstetrics and Gynaecology A -I ,
Rigshospitalet, Copenhagen, Denmark.
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