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INTRODUCTION
P  olymeric derivatives of guanidine are often u sed 

as t he c omponents o f t he disinfectants a nd a ntisep-
tics [ 1 ] .  P  olyhexamethyleneguanidine ( P HMG)  i s t he 
t ypical r epresentative o f t his g roup a nd i n t  he c on-
centrations o f 0 .005 1. 0 p er ce nt po  sse sses ba cteri-
cidal,  an tiviral an d fu ngic ida l pr operties.  Pr  eviously, 
PH MG biocidal  pr operties an d to xicity have been in-
vestigated [1 ,  2].   At the same time, wi despread  imp le-
me nta tion of  di sinfectants on  th e ba sis of  gu anidine 
polymeric derivatives demands th e mo re thorough 
an alysis of  al l a s pe c ts  of   th eir effect on  th e bi ological 
sy stems.

Al  though, th e pr ecise me chanisms of  the PH MG ac-
tivity have not been  nally ex plained y et, the substance 
is considered to make an effect on  th e me mbranes of  
ce lls pr edominantly [2  4].   A t weak concentrations 
PHMG polycation, b ei ng adsorbed to cells’ p l asma 
mem brane (CP M ),  c ha nge its  “lipi d pattern”, per me a-
bility, pho sp holipids’ lateral mobilit y, trans -membrane 
electri c potential and so  fort h. Higher (biocid a l) con-

ce nt rations lead to  CPM  des truction and los s of  cell . 
S ince  b  acteri a’s CPM, as a  ru le, conta  in s the hig her  per-
cent age of acid  li pids  (phosph a tidyl glycerol, phosp ha-
 tidyl serine, ca rdi ol ipin and oth ers)  [5],  th e i r  s ensiti vity 
to the  PHM G ag ents must be  high er  than in  euka ryotic 
cells,  includi ng the cells o f the  human-being [ 1].

At   t h e   same time, the  d is embodied dat a co ncerning 
the pos sibl e growth of PHMG en hancing pro p er t i es  be-
gan  to appe ar. For exa  mple, treat ment of whea t s eeds 
with 0.1 1.0  per  cen t aqu eous  solution s of PHMG  can  
not  only  pro tect  these se eds from the  defe at w ith molds, 
b ut al so  fav orabl y affects their ge rminat ion [6]. Fur-
 t h e rmore, the stud y of  the P HMG eff ect o n the youn g 
in dividuals of the g uppy  shes (Poecili a  reticulata) 
showed  t hat at  concentr ations of 10 7  10  6 pe r c ent  t he 
in dex o f th e spec i  c gr owth rate  increases through 7 
days for  mo re than 60 per  cen t i n comparison with the 
control  gro up [7].  The rat e s  o  f in crease  (s peci  c g r owth 
rate , fodder co nv ersion ef  ciency,   index of op timali ty)  
were some wh at reduced through 14  days, bu t s till  e x-
ceeded the control  gro up. The  authors   con sider th at the 
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st imula ting  effect is c onnecte d to adaptati on stress, and 
must be  n ally  completed with the exhausti on  phase 
(progressiv e  toxic osis).  It shoul d  b  e noted that in this 
cas e t he ag ent c onsta ntly  acted on  the aqua riu m   shes  
during entire  time o f exper iment . I t is al so  kn  own that 
PH MG in  c once ntrat ion  1  10–5 per  cent c an s t i mu-
late gr owth  of the Aspergillus niger fungus, w hereas  2  
10 5 per cen t, on  the  c  ontra ry,  su ppress [8].

The  PHMG inhib i t i ng con centrations ( C5 0) have 
been de termin ed on the cell cultures of  the  human be-
ing [ 9]. For the cells of   k id  neys , sk in and  lu ngs at  24 -
h in cuba tion they  a re  within the  limit s of 0.5  10 2

1.3   10  2 per ce nt,  the  kidney  cell s  appeared  t o be  more 
sensitive. Another gua nidine polymer ic   derivat ive,  
polyhexamethyl enebiguanidin e (PHMB), favorably 
affects t h e ke rat ocyte prol iferatio n in  the human body 
at concentrations 2  10 5 2   10 4 per cent,  where as 
i t a lready  man if ests tox ic action  at somewhat stronger 
 doses  [10]. Besi des antiseptic eff ect, PH MB   po  sitive-
ly  in  uences  on th e  epith elization process during  the 
 treatment of burns [11] . Also,  the re are all  re asons  t o 
 a ssume the presence  of the PHMB gr owth en hanc ing 
effec t under speci  c conditions.

 The aim of the present research  is to detect the nature 
of PHMG salts in  uence on the eukaryotic cultures, 
and also to prove that the agent can make the stimulat-
ing effect on their proliferative activity.

MATERIALS AND METHODS
The primary culture of chicken e mbryo  brobla sts 

(FCE) and passaged bov ine tracheal   cel ls culture 
(TCC) were  used as the obj ects of  t he  c urrent research. 
The cell cultures were prepared with a pplication of the 
standard procedures in our modi  c ation [12 ]. Cell sus-
 pen sion  in nutrient  m ed i um consisting of t he  mixture 
o f medium 199 (45 p er  cent ), minim al  medium  Igla   or  
MEM  (45  p er  cent) a nd livestock blood  s er um (1 0 pe r 
 cent) was sown to the 96-w e ll  plas tic  p lates, 0.1  ml  per  
w ell. T he TCC monolayer   was  formed  using the  sus-
pension containing  800 th ousand cells per 1 cm3.

The in  u ence of P HMG chlorid e (PH MG-chl ) 
and PHMG  di -basic succina t e (P HMG-ds ) (Termit, 
Ukraine), the mol e cula r wei ght wit hi n the l imi ts o f 
5 10 kDa, on th e cells  was  studie d.  PHM G  was  dis-
solved in the sterile Han  ks’ b alanced salt s olu tion  (pH 
7.2 7.4) in  volume ratio o f constit u ents  1:9 . F or  de-
 termining the inhibiting (tox i c )  a  nd g rowth enhanc-
 ing  properties  t he PH MG -chl and PHMG-ds solu tions 
were  take n in the  dose s of 0.1 0.3 ml per well and in 
 the  concen tra tions  fr om 10 9 per cent  (0. 01 n g/ml) to 
10 2 p er ce nt ( 0 . 1 mg /ml).   On co nv e rs io n t o th e   molar 
con c ent rat i on   (thro ughout the  mon omer  mass) it com-
poses    10 10 10 3  M. I n the beginn ing o f the test tar-
get ed o n th e  s tudy  of t he PHMG sa lts toxic properties, 
th eir  soluti ons wer e single-time add ed to the al ready 
 formed cel ls monolaye r .

PHM G stim ula ting  in  uen ce on c ells’ prolifera tive 
activity was studied by their suspension diluting (titra-

tion) in the growth medium in the wells from 1:2 to 
1:128 for TCC and from 1:2 to 1:2,048 for FCE. After 
24-h incubation of cells (t = 37 °C) the monolayer be-
gan to form in the wells. Depending on the cells initial 
titer, the degree of its formation was from 10 per cent 
to 50 per cent. The studied solutions of PHMG salts 
were added for 15 min in the dose of 0.1 ml to the form-
ing monolayer of cells. After 15-min exposure the me-
dium containing PHMG was carefully removed, then 
the cells were rinsed in the sterile buffered physiologi-
cal solution (pH 7.0 7.2) and Hanks’ solution, and the 
clean growth nutrient medium was added. In the con-
trol group, the Hanks’ balanced salt solution was added 
to the cells for 15 min. The cell cultures in the micro-
plates were placed into the incubator (t = 37 °C) and 
incubated during 4 6 days. The state of monolayer was 
estimated visually with the aid of the binocular micro-
scope (×70), while the quantity of cells was calculated 
by means of Goryaev chamber after treatment with 
trypsin. Each test was reproduced into 3 5 repeats. The 
obtained data were statistically processed by common 
methods applying the Microsoft Excel software.

RESULTS AND DISCUSSION
The exploration of the PHMG-chl toxic acti on 

o n the TCC fo  rmed monolayer   xed th at the sub-
stanc e in co nce ntra tions start ing from 10 3 pe r cent 
(10 g/ml) a nd  stronger, in do ses of 0.1 0.3  ml  p e r 
well ca u se s th e  c el ls l oss and m onol ayer d est ructi on 
 as early as d uring   rst  24 h.  The conc entration of 
10 4 per  cent, in dos es of 0 .1 0.3  m l  per we ll leads 
to th e l oss  a p proximat ely o f half  of  cell s d uring the 
 rst day  an d 10 0 per  cent loss dur ing  foll owi ng 1 2 

days. The  concen trat ion  of  the a gent  in 1 0 5 per cent 
and i n d os  e o f 0  .2 m l per well nev er causes notice-
 able   c hanges of  mon olayer c ell s’  state during the  rst 
day , while up  to the sixth day of incubation about half 
of ce lls re mai ne d undamaged.  The  PHMGp -chl  co n-
centration  of 10 5 pe r c ent (or 0.1 g/ ml) in a dose o f 
0.1 ml per well is pos sib le t o   be consid e red  as  non t ox ic 
for TCC.

As  for  FCE, the summarized resu lts of PHMG-chl 
toxic action  expl ora ti  on conc ernin g this very cul ture in 
 var ious concentrat ions in a dose of 0 .1 ml per well are 
given in Table 1.

Tab le 1. PHMG-chl Toxic  Actio n o n t he Chicken Em bryo 
Fibro blasts in   Va  rious  Concentrations

PHMG 
concentration, 

%
Fibroblasts monolayer state

10 3

10 4

10 5

10 6

10 7

Control group

Monolayer destruction during the  rst 3 5 h
Monolayer destruction during 1 3 days
No changes during 5 days
No changes during 5 days
No changes during 5 days
No changes during 5 days



AGRICULTURAL SCIENCE AND PRACTICE Vol. 1 No. 1 201464

MANDYGRA et al.

Thus , the  PHMG-chl  concentrations  of  10 5   p er cent 
a nd w eaker are possible t o be considered as n ontoxic 
for F CE a s well. A  t least,  t hey n o longer exert a sub-
sta ntial in  uence o n t he f orm ed  m  onolayer o f c ells.  I  n 
t he c ourse o f tests i t was also reported t hat i f P  HMG-
c hl i s added t o t he m onolayer for t he s hort p eriod 
( 1 0 20  mi n)  even in  co mparatively hi gh co ncentra-

tions (1 0 3 1 0 2  per   c ent), an d   a fter  the a gent remov al 
the monol ayer is ri nsed in norma l saline, then  no cells  
loss is ob served. Sho rt  -term   PHMG  exposure in “bio-
cid al” concentr ations never damages the mono layer.

The re search of the PHMG salts’ effect on the cells 
monolayer forming rate proved the following: the add-
ing of PHMG-chl in concentrations of 10 5 10 6 per 
cent in the very beginning of the FCE monolayer for-
mation leads to the complete inhibition of prolifera-
tive activity; whereas the concentrations of 0.3  10 7

0.3  10 9 per cent at a constant effect partially inhib-
it the proliferative activity of the  broblasts and also 
slow down the process of the cells monolayer forma-
tion (Figure). It appears that the FCE culture is con-
siderably more sensitive to the PHMG action, than the 
cells of Escherichia coli to its analogue – PHMB [13].

Enti rely di fferent picture  is observed at the short-
term in  uence of th e P HMG  salts on the cells. As  far 
as k n ow le dge  go es, in the titers from 1:2 to 1:64 the 
FCE monolayer is formed practically completely after 
the  rst day of incubation, the agents were added into 
the wells with the initial dilution of cells from 1:128 
to 1:2,028. This made it possible to determine the dy-
namics of the monolayer forming process after their 
short exposure with the PHMG salts. The summarized 
results are given in Table 2.

Dependence of the formation degree of the chicken em-
bryo  broblasts monolayer on the PHMG-chl concentration 
through 1, 3  a n d 6 days

Table 2. Dynamics of the Chicken Embryo Fibroblasts’ Monolayer Shaping After 15-min Exposure With PHMG-chl and 
PHMG-ds

Su
bs

ta
nc

e 
co

nc
en

tra
tio

n,
 %

Degree of the chicken embryo  broblasts’ monolayer formation, %

After 24 h
(in the moment of the substance 

adding)
After 2 days After 3 days

Cell culture titers

1:128 1:256 1:512 1:1,024 1:2,028 1:128 1:256 1:512 1:1,024 1:2,028 1:128 1:256 1:512 1:1,024 1:2,028

PHMG-chl

10 5

10 6

10 7

10 8

10 9

50
50
50
50
50

30
30
30
30
30

20
20
20
20
20

10
10
10
10
10

10
10
10
10
10

50
60
100
100
80

30
30
80
80
50

20
30
70
80
50

10
10
50
50
20

0
10
40
40
20

40
40

100
100
100

20
70
100
100
100

10
40

100
100
90

0
30

100
100
40

0
20
80
100
30

PHMG-ds

10 5

10 6

10 7

10 8

10 9

50
50
50
50
50

30
30
30
30
30

20
20
20
20
20

10
10
10
10
10

10
10
10
10
10

70
80

100
100
90

40
50

100
100
60

30
50

100
100
60

20
20
80
90
40

10
20
50
80
30

80
100
100
100
100

60
100
100
100
100

40
80

100
100
100

30
40

100
100
80

20
30
80
100
70

C
on

tro
l

gr
ou

p

50 30 20 10 10 80 50 50 20 20 100 100 80 40 30

Note .  n =  3 ,  P >  0.95 .
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In  the  foll ow in g concentrati ons : PHMG-chl – 
10 6 1 0 5  per   cent,  and  P HMG- ds  10 5 pe r ce n t  in-
hibit  the p ro c e ss  of cells ’  m on ol ay er shaping. PHMG-
chl  s timulates the  broblasts’ proliferative activity in 
 concentratio ns of 10 8 10 7  pe r ce nt,  whi l e  PHMGsd  – 
10 9 1 0 7 per cen t. W hy  the  s ame  c once nt  rati ons of 
PH MG-chl do slow  dow n an incr ease in the m ono layer 
at  a const ant  presence  in  the grow th medium  (F igure)? 
Probably, it depends upon th e time, necessary  for  the 
 mo re complet e PH MG p olycation adso rption to CPM. 
In that case th e s timulating conc entrations of th e sub-
stance cou ld be 2 3 next-we aker o rde rs  pr oviding its 
permanent effect.  However, in s uch we ak   concen tr a-
ti ons the su bstance remains in solutions  for a short  pe-
riod of  time. Therefore the stress   appearing  unde r the 
single-time  short -ter m effe c t of  the P H MG sa lts on  the  
cells can be s ign i  c ant.

T he T CC cells in 1:2 solution practically completely 
form the monolayer during the  rst 24 h of incubation. 
Therefore, the preparations were added to the wells 
containing the initial titer of cells from 1:4 to 1:128 
in the second day. As early as 24 h the essential differ-
ences in the rate of the monolayer growth depending on 
the PHMG salt concentrations became noticeable. The 
summarized results are given in Table 3.

Thus ,   PHMG-chl  in  c onc entration  of  10 7   p er cent,  
a nd P HMG-ds – 10  8 pe r   cent strengthen the prolife-
rative a cti vity of  TCC.  Al th   ough, it i s import ant to n ote 
that  the  latt er manifests the  stim ulating effect with in 

the  suf   ciently wide  range of c onc entrations – from 
1 0 8 t o 10 6 pe r ce n t. In  con ce  ntr ation of 10 5  per  cen t 
 PHMG-chl  slows dow n the proce ss o f the mo nolayer  
formation.

On e can see, the cells  of  the   broblas ts’ primary 
culture for m the mo nolay er considerabl y faster than 
the tr ansfo rmed  trachea cel ls having been previously 
undergone more than t housand pa ssages. T hough, t he 
stimula ting  effect of t he PHMG  sa lts manifests itself 
on both types  of ce lls. A t t hat,  the  brobl asts  are at leas t 
ten-times more sensit ive.

 The mecha  nism o f the PHMG  growth   en ha ncing ef-
fect is not entirely clear. It c an be  c  aus ed,  as  in the c ase  
with the P. reticulat a    shes [7],  by non- s p ec i  c ( s tress) 
ad a ptatio n  of cells. A ppa rentl y,   the chang es , pr oceed-
in g  in CPM afte r p olyc ation  adsorption to it are t he  de-
termining  factor here . It is known that the su rface  and  
transmembrane potentials of a cell,  the  membr an e pe r-
meability for both th e wa ter and l ow-mol ecul ar  i ons, 
also  the  mo bility of  phosphol ipi ds are change d with 
the adsorpt ion,  whereas the  functioning  of membrane -
re lated membrane-bound enzy m es of  PHMG can  in-
 hibit  the  activity of such ferments, a s catalase  an d 
superox ide  dismutase. On some m ic roorgani sms, for 
examp le, Candida tropicalis, PHMG make s  the simi-
lar eff ect in concentr ati on of 10 3 per  ce nt,  w h ile on 
S almonella typhimurium   – 10 5 per cent [ 14].   Since   
thes e  f e rm  ents m akes a n antioxidant e ffect, the proc ess 
of c hang es in th e C PM properti es ( caused by PHMG  

Su
bs

ta
nc

e 
co

nc
en

tra
tio

n,
 

%

Degree of the bovine tracheal cells’ monolayer formation, %

After 2 days After 4 days After 6 days

Cell culture titers

1:4 1:8 1:16 1:32 1:64 1:128 1:4 1:8 1:16 1:32 1:64 1:128 1:4 1:8 1:16 1:32 1:64 1:128

PHMG-chl

10 5

10 6

10 7

10 8

10 9

70
70
90
90
70

60
70
70
70
70

30
50
70
70
60

10
10
70
50
50

0
10
30
20
10

0
0

30
10
10

90
100
100
100
100

70
80

100
90
80

40
70
90
90
80

30
50
80
70
60

0
50
70
50
50

0
20
50
40
30

100
100
100
100
100

80
100
100
100
100

40
80

100
90
80

40
60

100
90
70

0
60

100
80
60

0
40
100
70
50

PHMG-ds

10 5

10 6

10 7

10 8

10 9

70
90
90
90
70

50
50
50
100
70

30
50
70
70
60

40
50
50

100
30

10
20
20
30
20

0
0

30
10
10

100
100
100
100
100

70
80

100
100
80

60
70
90

100
70

50
70
80

100
70

50
60
70
80
50

30
40
40
50
30

100
100
100
100
100

100
100
100
100
100

80
90

100
100
80

70
80
90

100
80

50
70
80

100
70

40
60
70
100
50

C
on

tro
l

gr
ou

p

75 70 40 30 10 10 100 75 70 60 50 30 100 100 80 70 60 50

Note .  n =  3 ,  P >  0.95 .

Table 3. Dynamics of the Bov ine Tracheal Cells’ Monolayer Shaping After 15-min Exposure With PHMG-chl and PHMG-ds
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a dsorpti on)  is aggravated  wi th hydrogen peroxid e 
and superoxide c oncentration  increase. Aggressive 
H2O2   and :O2  ca n interact wit h the remainde rs of  the  
unsatura te  d fatty  acids of di aphragm lipi ds and also 
s trength en the damaged membr a n es  .  A t the  short-t erm 
ef fect  of t h e PHM G weak  (stimulating) con  c ent r at ions 
 th e inhibition of  the se ferments  is  rever sible, wh ereas 
the cell’s compen sati ng mechani sm s  initiat e new  li-
 pogenesis an d synthesis of n ew f erments. I t i s kn  o wn  
that  P  HMB can affe ct t h  e  exp ress ion of  some  genes 
in E . coli,  the synthe sis of  f erme nts, and s o f orth  [13].  
PHM G include d  i  n to   the   medicine Akacid can reduce 
the S-p hase  of the  can c  e r ous c ells’ c ycle in th e pros-
tat e, affect the  D1, E,  p2 7 cycli nes  an d  c ycline -related 
kina ses expression [1 5].

It s hould also  be   noted that PHMG polycation is quite 
steadily connected to phosphoglycerides, not necessa-
rily with the acid ones only. For example, it is rapidly 
adsorbed, and so, changes the ionic permeability of a 
comparatively electrically neutral model bilayer lipid 
membrane from the phosphatidylcholine – cholesterol 
complex (volumetric ratio 2: 1) [16]. The removal of 
the part of the CPM phospholipids from active partici-
pation in the cell processes forces the initiation of the 
new lipids synthesis process. Probably, that particular 
in  uences on shortening of the cell cycle duration. 
Thus, at the PHMG stimulating effect on A. niger cell’s 
adaptive mechanisms also start the synthesis of new 
polar lipids [8]. In this case lipids rich in saturated fatty 
acids are formed, hereupon CPM becomes more du-
rable. Under certain conditions, the acceleration of the 
new phospholipids’ synthesis stimulates mitosis. The 
obtained results can be extrapolated to the cells of the 
human being’s tissues as well.

CONCLUSIONS

Thus, the performed test s    xe d  that the in  uence of 
poly hexamethyleneguanidine on the cell culture de-
pends on th e agent conce ntration , duration of exposure 
and t he anion type of the salts. PHMG co ncent rations  
of   1  0 5 per cent (0.1 g /ml) are po ss ible to b e  co nsi-
d e re d as nontoxic f or the already formed FCE or  TCC 
 mono layer.

T he PHMG -chl  concentrations  of    1 0 6 10 5 per 
cent comple tely suppre ss  the  c ells’  prol iferative ac-
tivity in the growth medium, while  concentratio ns 
0 .3  (1 0 9 10 7 ) per  cent partially  inhibit    bro bla st 
m i t osis  and s low down the rate  of monolayer forma-
t ion.  Under pre limi nary  15- min expos ure of  bro-
blasts  with PHMG-c hl   at c oncentrat ion s of 10 6 10 5 
pe r cent, or P HMG-ds  10 5 p er  cent   m onol a y er for-
ma tion  also slows d own.   O n the cont rary, PHMG-chl 
conce ntrat ions of 10 8 10 7 per cent  and PHMG-ds 
concentrations  of  10  9–1 0 7  p er ce nt st imul ate prolif-
erative activity of   b robl a s ts. The s hort-term (during 
15 min ) PHMG-chl exposure on  th  e tr achea   cells   at 
conc ent rat io n of 10 5 per cent  in hibi ts mitosis, while  

at 10 7 per c ent  – s t i mulates.  PHMG-ds m anifest s the 
stimu lati n g ef f ect on TC C within t he   concent ration 
ran ge o f 10 8 10 6  per cen t.

The  growth enha ncing effect of the  PHM G sa lts ’ 
we a k co n cent ra  tions is apparently connected to chang-
es in the properties of the cel l cytoplasmic membrane 
 afte r the po lycatio n adsorptio n to it  and also express ion 
of th e gene s co rresponding to the syn the sis  of  phos-
pholipids.
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