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Abstract

The aim of the present work was to ascertain and compare the protective effect of AET, ATP, serotonin or WR-2721 on oocyte survival after acute gamma irradiation of mice. Adult female mice were pretreated with AET, ATP, serotonin or WR-2721 (in doses of 24, 360, 8 or 400mg/kg, respectively) before acute gamma irradiation with 43,7 cGy. The evaluation of the protective ability of the tested drugs was done using precise quantitative histological technique that determined oocyte survival. All applied protectors had high toxicity. The protective effect of AET, ATP or serotonin was negligible. WR-2721 showed very high protection of the oocytes from primordial follicles. The last protector was considered promising. Despite its very high toxicity WR-2721 showed appreciable protective effect. 
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Introduction

The modification of biological effects due to    ionizing radiation by chemical substances has always been one of the important topics in radiobiology. Many drugs have been tested for their protective effects against radiation but their usefulness has been marred by high toxicity (1,2,3,4,5,6)(
It is a pity that so little attention was paid to female reproductive system with respect to chemical protection though with the advent of cancer therapy, increasing numbers of cancer patients are achieving long-term survival and the protection of their reproductive system is an important consideration (7). History of female reproductive system protection dates back from the 1960s. Rugh and Wolff applied cysteamine or cystamine in their test for reproductive capacity while Mandl used cysteamine and oocyte survival method in rats and returned some moderate protective effect (8,9). Ehling and Doherty (10) showed improved breeding performance in mice when they were pretreated with AET prior to acute gamma irradiation. In the beginning of 1980s Kumar and Devi applied MPG as a protector with beneficial effect. However, they used unjustified high doses of radiation (11,12,13). Kusheva achieved a remarkable effect from the combination of AET, ATP, and serotonin on oocyte survival in mice (14). During the last decade some immunomodulators (15,16) or biological response modifiers as exogenous melatonin (17), luteinizing hormone-releasing hormone agonist (7), ocitum flavonoids (18), vitamins (19,20), honeybee venom (21) have been used as protectors but there are no data of their effects on the mammalian reproductive system. This therefore leaves an unjustified vacuum in the search for these protective agents.

Hence, the aim of the present work is to ascertain and compare the protective effects of AET, ATP, serotonin or WR-2721 on the oocyte survival after acute gamma irradiation of mice.

Materials and Methods

Animals: Adult (14 weeks of age) female mice C57BL from our Animal colony, maintained on standard mouse food and water ad libitum were used. Each group consisted of six animals with body weight 25 + 2 g.

All the studies were conducted in accordance with our institutional regulations and national criteria for animal experimentation.

Irradiation: Acute whole body gamma irradiation, source 137 Cs, dose 43,7 cGy, dose rate 1.84 cGy/sec, was used. Because of the great differences in radiosensitivity of oocytes in different follicle stages the applied dose was chosen to have the prominent effect on the oocytes in each stage. It was above LD95 for the small follicles and above LD50 for the large ones (17).

Protection: ATP (adenosine-5-triphosphoric acid disodium salt), AET (2-(2-aminoethyl) -2 thiopseudoharustoff dihydrobromide), serotonin (serotonin creatine sulphate) and WR-2721 [S-2- (3-aminopropylamino) ethylphosphorothioic acid) were administrated in 1 ml double distilled water (0.2 ml for WR-2721) at doses 360, 24, 8, and 400mg/kg body weight respectively, 8-10 min prior to irradiation (15 –20 min for WR-2721). Doses of AET, ATP and serotonin were the same as they were used in the triple combination (22,14). All Controls received only double distilled water. 

Time of autopsy: Animals were killed by cervical dislocation 72 hours after the irradiation. By that time all injured oocytes had been eliminated (23). 

Histology: The ovaries were dissected free of connective tissue, fixed in Bouin’s solution for 24h, embedded in paraffin, serially sectioned at 5 microns, stained with Ehrlich hematoxylin and eosin.

Classification: Oocytes were classified into 8 stages on the basis of their follicular development. Stages-1, -2, and -3 oocytes were defined also as small or primordial while those of 4-8th stages as large or growing + Graafian (24).  The estimation of number of oocytes used Peters and Levy’s method (25).

For statistical data treatment, Student’s “t”- test was applied and the results were considered statistically significant at p< 0,05.

Results

The toxicity data are summarized in Table 1. Different substances had different toxic effects on the oocytes in various follicle stages. For example there was no toxic effect on oocytes in stage 6 when AET, ATP or serotonin was used, and, similarly, no toxic effect for stage 4 when ATP was applied. But the toxic effect on small and large follicles as total numbers was similar for the four applied substances. AET was less toxic only on the small follicles. 

Table 1. Toxicity of AET, ATP, Serotonin and WR-2721 on mouse oocytes

	Group Stage
	Survival of oocytes by stages; numbers+ SE/toxicity in percent

	
	1
	2
	3
	4
	5
	6
	7+8
	Small
	Large
	Total

	Control
	523 +36
	203+15


	154+8


	31+3
	25+3
	14+1
	12+1
	880+41
	82+6
	962+46

	AET
	287+12

(45%)
	170+12

(16%)
	128+14

(17%)
	24+4

(23%)
	17+1

(32%)
	14+1*

(0%)
	4+2

(67%)
	576+27

(35%)
	59+3

(28%)
	635+29

(34%)

	ATP
	201+16

(62%)
	102+11

(50%)
	95+3

(38%)
	29+1*

(6%)
	18+1

(28%)
	13+1*

(7%)
	5+1

(58%)
	398+40

(55%)
	65+4

(21%)
	463+18

(52%)

	S
	218+15

(58%)
	140+21

(31%)
	99+5

(36%)
	16+1

(48%)
	22+1

(12%)
	14+1*

(0%)
	4+1

(67%)
	457+20

(48%)
	56+5

(32%)
	513+23

(47%)

	WR-2721
	206+17

(61%)
	104+11

(49%)
	97+6

(37%)
	25+2

(19%)
	20+2

(20%)
	9+1

(36%)
	8+2

(33%)
	407+25

(54%)
	62+4

(24%)
	469+27

(51%)


*- Statistically insignificant compared to Controls
S-serotonin

The results from the oocyte survival when mice were pretreated with chemical protectors before irradiation are presented in Table 2. AET had some protective effect on the oocytes in the first three follicular stages and synergistic effect with radiation for stage 4. The highest protection was for stage 6 where there was no toxicity.  Except in the case of stage 3, ATP had no protective effect. Even both drug and radiation had synergistic effect. Almost the same could be said about serotonin (very low protection only for stages 5 and 6 where there was low or no toxicity). WR-2721, in the applied dose as already mentioned, had also high toxic effect. About 50% of the total number of oocytes was eliminated when the drug was used. Especially high was the toxic effect on the oocytes in the primordial follicles but the protective effect for the same population was also very high i.e. high toxicity – high protection. The protective effect of WR-2721 on the large oocytes was moderate and comparable to that of other applied drugs for the stages they showed protection. No synergistic effect with radiation was observed.

Discussion

It was very difficult to find any correlation between toxicity and protective effect in the present study. For example, WR-2721 showed high toxicity and high protective effect for the oocyte in the primordial follicles while serotonin had low or no toxicity and very low protective effect for the oocytes in stages 5 and 6. Researchers working on the problem of chemical protection of female reproductive system did not find any toxic effect of the applied drugs (9, 10, 11, 12, 13). The only report we could compare our data with was that of Ehling and Doherty (10). In their experiment with AET (where the dose of AET was more than three times smaller) there was at least a tendency for toxicity to occur. The use of combinations of agents with different radioprotective mechanisms can maximize radioprotection with minimal adverse effects. Such combinations were developed at first empirically and after that followed mathematical search for optimal dose ratios. A combination of three agents with optimal dose ratio serotonin: AET: ATP as 1:3:45 was developed, where the combination was most effective and feasibly least toxic in terms of animal survival and protection from genetic radiation damage (22). The same combination was used to protect mouse oocyte from radiation damage (14). If we compare the present results with that of the triple combination we shall see that the combination is more toxic than each of the components but with better protective effect on the primordial oocytes.

Table 2. Protective effects of AET, ATP, Serotonin and WR-2721 on mouse oocyte survival against acute gamma irradiation

	Group Stage
	Survival of oocytes by stages; numbers+ SE

	
	1
	2
	3
	4
	5
	6
	7+8
	Small
	Large
	Total

	Control
	523 +36
	203+15
	154+8
	31+3
	25+3
	14+1
	12+1
	880+41
	82+6
	962+46

	R
	17+3
	14+1
	12+3
	19+3
	12+2
	4+0,5
	8+2
	43+7
	43+7
	86+11

	AET+R
	26+7
	19+5
	19+3
	6+2
	16+3
	7+1
	7+2*
	64+13
	36+7
	100+19

	ATP+R
	2+2
	10+6*
	24+8
	6+2
	8+3*
	4+1*
	2+1
	36+10*
	20+6
	56+12

	S +R
	21+5
	14+4*
	14+2*
	14+3
	20+2
	9+2
	7+1*
	49+7
	50+2
	99+8

	WR-2721 +R
	184+13
	131+10
	117+11
	31+2
	17+1
	6+2
	10+1*
	432+31
	64+4
	496+33


* Statistically insignificant to the irradiated mice without protection

R- radiation, S-serotonin

Taking into consideration the high toxic effects of the applied doses of AET, ATP or serotonin in the present study, their negligible protective effect and noting that there is no renewal of the oocyte population after birth it could be concluded that they could hardly have any future as chemical protectors of oocytes.

Regardless of its toxicity the high protective effect on the oocytes in primordial follicles (90% of the total number of oocytes) (26), WR-2721 is of great importance because the dose used in this experiment could be reduced hoping to decrease its toxicity and to preserve the protective effect (6, 27). It may be possible to reduce the toxicity of the major compound by adding another agent for example to bind the protectant to a polymer (28). Because WR-2721 is used in clinical practice further investigations are needed to elucidate its protective ability on the female reproductive system (27, 29).

Conclusions

1. All tested substances showed high toxicity. 

2. AET, ATP and serotonin had negligible protective effect.

3. In practice and despite its high toxicity WR-2721 was the only substance that showed appreciable protective effect.
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