
Accepted Manuscript

The effect of hypergravity on the lens, cornea and tail regeneration in Urodela

E.N. Grigoryan, N. Dvorochkin, V.A. Poplinskaya, R. Yousuf, E.A. Radugina, E.A.
Almeida

PII: S0094-5765(17)30377-6

DOI: 10.1016/j.actaastro.2017.06.013

Reference: AA 6348

To appear in: Acta Astronautica

Received Date: 14 March 2017

Revised Date: 5 May 2017

Accepted Date: 14 June 2017

Please cite this article as: E.N. Grigoryan, N. Dvorochkin, V.A. Poplinskaya, R. Yousuf, E.A. Radugina,
E.A. Almeida, The effect of hypergravity on the lens, cornea and tail regeneration in Urodela, Acta
Astronautica (2017), doi: 10.1016/j.actaastro.2017.06.013.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.actaastro.2017.06.013


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 

The effect of hypergravity on the lens, cornea and tail regeneration in 
Urodela 

Grigoryan E.N.1, Dvorochkin N.2, Poplinskaya V.A.1, Yousuf R.2, Radugina 
E.A.1 and Almeida E.A.2 

1 ‒ Koltzov Institute of Developmental Biology RAS (IDB RAS), 26 
Vavilova street, Moscow 119334, Russia 

2 ‒ NASA Ames Research Center, Moffett Field, California 94035, USA 

 

Corresponding author ‒ Elena A. Radugina, e.radugina@idbras.ru 

 

Abstract 

In previous experiments onboard Russian Bion/Foton satellites it was found 
that exposure to microgravity causes changes in eye lens regeneration of 
Urodela. The changes included higher rate of regeneration, increased cell 
proliferation in lens anlage, and synchronization of lens restoration. Similar 
changes were observed regarding tail regeneration. Recently, investigations 
were performed to find out whether exposure to hypergravity could also alter 
lens, cornea and tail regeneration in the newt P. waltl. Nine days prior to 
exposure the left lens was surgically removed through corneal incision and 
distal 1/3 of the tail was amputated, thus initiating regeneration. The 
experimental animals were allowed to recover for 9 days at 1 g and then 
exposed to 2 g for 12 days in an 8 ft diameter centrifuge at NASA Ames 
Research Center. The experimental animals were divided into 1 g controls, 2 
g centrifugation animals, basal controls, and aquarium controls. Lens and 
corneal regeneration appeared to be inhibited in 2g group compared to 1 g 
animals. In all 1 g controls, lens regeneration reached stages VII-IX in a 
synchronous fashion and corneal regeneration was nearly complete. In the 2 
g newts, neural retinal detachment from the pigmented epithelium was seen 
in most operated eyes. It was also observed in the non-operated (right) eyes 
of the animals exposed to 2 g. The level of retinal detachment varied and 
could have been caused by hypergravity-induced high intraocular pressure. 
Regeneration (when it could be assessed) proceeded asynchronously, 
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