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Hydra peptide morphogen (HPM) is an undecapeptide Glp-Pro-Pro-Gly-Gly-Ser-Lys-Val-Lle- 
Leu-Phe. HPM was first isolated from Hydra and the sea anemone, in which it has a marked 
stimulating action on reparative regeneration [5]. 

HPM has been found in the mammalian brain [6] and also in human blood serum and in 
neurons of the cranial part of the human brain [i]. The role of the peptide in regulation 
of physiological functions in mammals remains largely unclear. There is information in the 
literature on the role of HPM in the activation of anabolic processes. HPM significantly 
increases activity of ornithine decarboxylase, an enzyme limiting polyamine synthesis in 
the rat liver [4]. No information could be found on the effect of HPM on cell renewal pro- 
cesses. 

The aim of this investigation was to study the character of the effect of HPM on cell 
division in the albino rat corneal and lingual epithelium. 

EXPERIMENTAL METHOD 

Experiments were carried out on male albino rats weighing 150-190 g. HPM was injected 
intraperitoneally in a dose of i0 ~g/kg. Control animals received an injection of the same 
volume of isotonic sodium chloride solution. An intraperitoneal injection of ~H-thymidine 
(specific radioactivity 0.6 DCi/g) was given to the rats 1 h before sacrifice, and in addi- 
tion, 5 DCi of ~H-thymidine was applied to the cornea. To estimate the rate of mitosis, some 
animals were given an intraperitoneal injection of colchicine (0.2 ~g/100 g) 2 h before sac- 
rifice. Cell division was studied 4 and 24 h after injection of colchicine. In the experi- 
ments of group 2, HPM was injected in the same dose in the course of 5 days and the animals 
were decapitated24 h after the last injection of the peptide. Preparation of autoradio- 
graphs, determination of the index of labeled nuclei (ILN, %), obtaining total preparations, 
and determining the mitotic index (MI, %) were undertaken by methods described previously 
[3]. The mitotic index of blocked metaphases (MIcol) and the duration of mitosis t m were 
determined by the usual method [2] in the lingual epithelium only, for complete blocking of 
mitosis did not take place in the cornea with the dose of colchicine used. Altogether 110 
animals took part in the experiments. The results were subjected to statistical analysis 
by Student's test. 

EXPERIMENTAL RESULTS 

The results are evidence that 4 h after injection of HPM an increase took place in the 
number of dividing cells in the lingual epithelium: MIco I was increased by 1.8 times. Mlco 1 
in the tongue 24 h after injection of colchicine was 1.9 times higher than in the control 
(Table i). Together with an increase in the number of dividing cells in the lingual epithel- 
ium, injection of HPM led to acceleration of mitosis itself: t m in the control was 116 min, 
whereas 4 and 24 h after injection of HPM it was reduced to 75 and 85 min respectively. Evi- 
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TABLE i. Effect of a Single Injection of HPM on Cell Division in the Albino Rat 
Lingual and Corneal Epithelium 

Group of animals MI, % ILN,,,% LI MI, % tin, rain 
! 

Lingual epithelium 
Control 
Experimental 10,9-+ 1,0 7,5,+0,624 14,0--+0,73 10,9,+ 1,1 116 

4 h 13,05-+ 1,4 5,9,+0,33 11,3,+0,8 t 20,9,+ 1,7* 74 
24 h 14,0-+ 1,2 10,4___0,21 * 11,4_+0,54 19,8-+ 1,6" ~ 85 

Corneal epithelium 
,Control 
Experimental 20,8 + 1,5 3,6--+0,17 15,2-+ 1,7 
4 h 19,2+__1,9 4,5-+-0,4" 14,4-+- 1,4 
2~ h 14,2__+1,2" 7,3-+0,5* 20,4_--+-2,2 

Legend. Asterisk indicates significant differences compared with control. 

ILN ~ b 
% - o 

a 

10 

5 

c E CE 

Fig. i. Effect of five injections of hydra peptide 
morphogen on cell division in corneal (a) and ling- 
ual (b) epithelium of albino rats. C) Control, 
E) experiment. 

dently the acceleration of mitosis was responsible for the significant decrease in MI in the 
cornea 24 h after injection of colchicine. 

The results of autoradiographic analysis helped to explain the mechanism of stimulation 
of cell division in response to injection of HPM. In the cornea the number of DNA-synthe- 
sizing nuclei (ILN) was increased by 1.3 times as early as 4 h after injection of the peptide. 
ILN was increased by an even greater degree (by 2.1 times) after 24 h. In the tongue the 
number of DNA-synthesizing nuclei was increased (by 1.4 times) only after 24 h. No signifi- 
cant changes were found 4 h after injection of HPM. 

Stimulation of proliferation in the corneal and lingual epithelium also took place 24 
h after five injections of HPM (Fig. i). This was shown by an increase in ILN in the cornea 
by 1.9 and in the tongue by 1.5 times. No significant changes in the mitotic index were ob- 
served under these circumstances. This can evidently be attributed to the fact that, just 
as after a single injection of HPM, mitosis itself was accelerated. Support for this view 
is given by the increase in the relative number of prophases in the cornea of the experi- 
mental animals to 44%, whereas in the control it was only 28%. The number of prophases in 
the lingual epithelium rose to 20% compared with 15% in the control. 

The results of this investigation demonstrate that HPM has a stimulating action on cell 
division in the corneal and lingual epithelium. Injection of the peptide leads to accelera- 
tion of mitosis itself. HPM also stimulates the entry of cells into the S period. This 
leads to an increase in the proliferative pool. 

The high efficacy of the peptide in minimal doses suggest that HPM is involved in the 
maintenance of structural homeostasis. 
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The muscular dystrophies are monogenic inherited human diseases which, according to 
most authorities [7-9], are based on a generalized defect of cell membranes. On account of 
this view, many attempts have been made to discover changes in those membranes most acces- 
sible for clinical analysis of the cells, namely erythrocytes [3]. Interest in erythro- 
cytes is also due to the fact that these cells, like target cells, contain a contractile 
apparatus, consisting of the contractile proteins spectrin and actin [4]. A whole range of 
disturbances in the erythrocyte membrane have not been discovered in hereditary muscular 
dystrophies: changes in shape and deformability of the cells, in cation transport, and in 
activity of membrane-bound protein kinases [3]. Meanwhile data on phosphorylation of mem- 
brane proteins are contradictory. For instance, intensification of phosphorylation of 
spectrin and of band 3 protein has been found in Duchenne progressive muscular dystrophy 
(PMD) [i0, ii], although in another publication [5] no such effect could be found. 

Since an increase in phosphorylation of proteins must lead to an increase in the nega- 
tive charge on their surface, this effect can be used as the basis for estimating the level 
of protein phosphorylation. In the investigation described below, the protein surface 
charge was studied by measuring the efficiency of quenching of protein fluorophores by 
nitrate anions. 

EXPERIMENTAL METHOD 

The diagnosis of various forms of hereditary muscular dystrophies was based on clinical, 
clinico-genealogic, and electromyographic analysis. Erythrocytes were washed twice in 
physiological saline and hemolyzed by the addition of 4 volumes of 0.01M Tris-HCl (pH 7.4), 
incubated for 20 min at 4~ after which the hemolysate was passed through a column (0.5 • 
8.0 cm) filled with sepharose 4B, and the erythrocyte membrane fraction was collected. The 
protein content in the membrane was estimated spectrophotometrically by measuring absorp- 
tion of the cell ghost suspension in 1% SDS at 280 and 310 nm [6]. Fluorescence was measured 
on a "Hitachi MPF-2 H spectrofluorometer (Japan) in cylindrical microcuvettes with a capacity 
of 0.4 ml. Protein fluorescence was excited at 262 nm in the region of minimal absorption 
of nitrate, and recorded at 335 nm, in the region of emission of tryptophanyls. Allowing 
for the geometry of the cuvettes used, a correction for optical screening under the condi- 
tions of excitation and recording used was introduced [i], in accordance with the equation: 

F=Fmeas/l__l.68.M-'.C, (i) 
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