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Extraretinal Photoreceptlon in Lacertxhan Tail
Regeneration: The Lateral Eyes Are Not Involved j

Photoperiodic Photoreception in the Gekkonid

Hpmzdactylus flaviviridis

izard,

PATRICK I, NDUKUBA AND AV RAMACHANDRAN
Dyvision of Developmental Physiwlogy and Endocrinology, Department of
Zoology, M.S. Unwerstty of Baroda, Baroda-390 002, Gujarat State, India

ABSTRACT

The tail of the Gekkonid hzard, Hemudactylus flavwiridis was autotomized and

subjected to eight different photoperiodic lengths during the period of tail regeneration, namely,
1} centinuous light (LL: LD 24:0) of high intensity; 2) continuous light (LL: LD 24:0) of low intensity;
31 continuous (total) darkness (DD: LD 0:24); 4) normal light and darkness (NLD: LD 12:12); 5) 18
hours light and 6 hours darkness (LD 18:6); 6) 8 hours light and 18 hours darkness (LD 6:18); 7)
16 hours light and 8 hours darkness (LD 16:8); and 8) 8 hours light and 18 hours darkness (LD
8:16). In an attempt to determine the potential contribution of the lateral eyes, or vision, on
photoperiodie photoreception in H. flaviviridis during the process of tail regeneration, some animals
had both the lateral eyes surgically removed (bilateral orbital enucleation) and the enucleated
animals were exposed, along with the normal (unoperated) ones, to the various photoperiodic
regimes. Our observations demonstrate that blinded Hemidactylus regenerate their lost (autotom-
ized) tails similar to their sighted (unoperated) counterparts and under LL, LD 18:6, and LD 158
better than sighted (unoperated) animals exposed to DD and NLD expetrimental lighting regimens,
We, therefore, conclude that photoperiodic control of regeneration in the Gekkonid lizard,. H. fla-
viviridis is mediated entirely by extraretinal photoreceptor(s! situated in the brain region of the
head. Having established that the lateral eyes, or retinae, do not participate in photoperiodically
significant photoreception and under the presumption that an extraretinal light receptor(s) may

be involved, we discuss the pineal organ as the possible transmitter of the photic stimulus in these

animals.

Previous studies with lizards demonstrated that
‘extraretinal photoreceptors are involved in the pho-
toperiodic response in Anolis carolinensis (Under-
wood, "75). Accordingly, long stimulatory photoper-
iods have been shown to induce testicular
recrudescence and maturation in blinded Ancles
Similar studies have been conducted on a variety of
vertebrate species such as fishes and bhirds where
testicular growth could be induced in blinded am-
mals by exposure to stimulatory photoperiods (Un-
derwood, '79). The first demonstration that extra-
retinal photoreceptors could participate in the pho-
toperiodic responses of vertebrates occurred more than
50 years ago when Benoit showed that light could
induce testicular growth in blinded ducks (Benoit,
'35} One of the techniques developed to ascertain
the potential contribution of eyes and extrarctinal
receptors in birds involvéd opaquing the heads of
birds while leaving the eyes exposed (McMillan et
al . '751 In the house sparrow so treated, no response
occurred when the birds were maintained under king
stimulatorv photoperiods, despite the fact that the
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eyes were exposed showing that extraretinal recep-
tors were solely involved in mediating photoperiodic
photoreception in these birds.
. Other studies have indicated that the eyes, or vi.
sion, are not necessary for photoperiodic induction
of gonadal growth in the chicken, Gallus domestfeus
{Ockawa. '70), the common coturnix or Japanese quail,
Coturnix coturmix japonica (Homma and Sakaki-
bara. 711, and the house sparrow, Passer domesticus
(Menaker, 7D

According to Maiter and Singer ('77) and Turner
and Tipton °72), long-length photoperiod can speed
up the rate of forelimb regeneration in the newt and
tail regeneration in lizards, respectively. This effect
is not mediated by the optic system as blinded newts*
kept in.continuous light tLL) regenerated their fore-
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-limbs more rapidly than their sighted counterparts
kept in total darkness (DD) (Maier and Singer. '77).

. With the above-mentioned literature in view and

owing to the fact that no investigation has yet been
carried out on extraretinal photoreception in rela-
tion 'to tail regeneration in lizards in general and
Hemudactylus 1n particular, the present investiga-
tion was deemed appropriate and timely To dem-

' onstrate the potential contribution of the lateral eyes,
or vision, on photoperiodic photoreception in H. fla- -

viiridis, both the lateral eyes were surgically re-
moved (bilateral orbital enucleation) and the enu-
cleated animals were exposed, alorig with their sighted
(unoperated) counterparts, to different photoperiodic
lengths during the process of tail regeneration.

MATERIALS AND METHODS

Adult Hemidactylus flaviviridis of both sexes
weighing 10 = 1 gm and measuring 145 = 5 mm
snout—vent length were obtained from a local com-
mercial supplier (M/ss. Zoophyton, Baroda, India) and
maintained on a diet of cockroaches for a period of
7 days for acclimation to-laboratory conditions.

Two groups (normal, NL} blinded, BL) of 40 lizards
for each of the eight experimental photoregimens
were employed in this investigation. One group of
40 lizards in each setup, which served as experi-
mentals, was blinded by surgical removal of both the
lateral eyes (bilateral orbital enucleation). The enu-
cleated animals were allowed 5 days recovery period
to eliminate any traumatic side effects due to sur-
gery A second group of 40 hzards in each setup,
which served as the controls, remained sighted with-
out any operations performed.

Eight photoperiodic lengths were mvestxgated
namely, 1) continuous light (LLL: LD 24:0) of high
intensity—2,500 lux units; 2) continuous light (LL:
LD 24:0) of low intensity—638 lux units; 3) 18 hours
of light and 6 hours of darkness (LD 18:6); 4) 16 hours
of light and 8 hours of darkness (LD 16:8); 5) 12 hours
of light and 12 hours of darkness (LD 12:12); 6) 8
hours of light and 18 hours of darkness (LD 8:16);
and 7) 6-hours of light and 18 hours of darkness (LD
6:18); and 8) continuous (total) darkness (DD: LD
0:24) Photoregimens 3-7 were of high intensity—
2,500 lux units

The cages housing the ammals measured 18 in x
15 in x 10 in with one side made of transparent

glass and ventilated on three sides. Each cage housed

a total of 20 Lizards balanced for size and sex. Food
and water were provided ad libitum. The cages hous-
g animals for the light experiments were placed
(glass surface up) under suspended 40-W fluorescent
lamps, thereby facing the source of illumination. The
inside of the wooden cages were lined with alumi-

v
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num foil so0 that lhighting was direct as well as re-

flected The distance from the fluorescent lamp to |

the glass surface of the cage was 15 in and to the

floor level was 25 in. The light intensity was mea- °
'sured at the floor level and reflecting surfaces of the

cage using a lux meter (Weston Electrical Instru-
ment Corporation. NJ). To obtain a high light in-
tensity of 2,500 lux units, four fluorescent lamps were
fixed und beamed together, and for the low light
intensity of 638 lux units only one fluorescent lamp
was utilized. The cages housing animals for the con-
tinuous (total) darkness (DD: LD 0:24) experiment
were placed in a dark chamber completely shielded
from light with opaque papers. Except for about 2

., minutes daily exposure to dim light for taking mea-

surements, animals in this experimental photoper-
iodic regimen were completely deprived of light. The
source of the dim light used for taking measurements
of animals in DD was a small electric bulb com-
pletely wrapped with a red transparent paper. The
animals of LD 18:6, LD 16:8, LD 12:12, LD 8:16 and
LD 6'18 were kept in the lighted chamber at 7:00
A.M. and were shifted into the dark chamber at the
end of the respectlve lengths of exposure.

Tail autonomy, in NL and BL groups of lizards,
was carried out by pinching off the tails at the third
segment from the vent and the animals exposed to
the eight different experimental photoregimes dur-
ing the entire process of tail regeneration. The length
of new growth (regenerate), in mm, was measured

with a graduated meter rule and recorded at fixed.

time intervals of 5, 10, 20, 30, 40, 50, and 60 days
postcaudal autotomy. This investigation was con-
ducted during the post- -breeding monsoon months
(August—October) and the recorded average monthly

ambient, room and cage temperatures are given in

Table 2. The recorded average cage temperature in
the lighted and dark chambers did not vary by more
than 2°C at any stage (Table 2). The data on the
length of tail regenerated and the percentage re-
placement were subjected to an analysis of variance
and further to Duncan’s niultiple range test with an
alpha level of both 0.05 and 0.01 (Duncan, '55).

RESULTS

The results-are depicted clearly in Table 1 and
Figures 1-3.

Growth rate and total length regenerated and
i percentage replacement

A measurable growth occurred in normal (NL) and
blinded (BL) groups of animals exposed to LL and
L.D 18:6 photoperiodic schedules by day 5, while in
NLD, LD 168, and LD 8:16 groups of animals it’

oceurred between days 5 and 10 However, in lizards
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. TABLE 1 Approxtmate number of duys taken ta reach the various arbitrary stages of
‘“ tail regeneration in both normal and blinded H. flaviviridis’
' x Fully
Wound Early Late ) regenerated
o healing Blastema dilferentiation Differentiation differentintion Growth tayl
LLH) 3 5-7 7-9 10 20 30 50,
LL Lo 3 5-7 7-9 10 30 40 50
LD 186 3 5-7 7-9 10 25 35 50
LD 168 5 8-10 12-14 20 30 40 60
LD 1212 3 8-10 12-14 20 T30 40 60
LD 816 5 10-12 14-16 22 32 42 60
LD 618 8 12-14 16-18 25 35 45 60
LD 024 8 12~-14 16-18 25 40 45 60

LLH continuous hght thigh tensityy, LL (L - continuous hight vow intensitvs, LD 186 15 hours thigh intensiivt hght and 6 hours
tarhnis- LD 1688 - Ib hours thigh intensity) light and 8 hour~ darkness LD 1212 12 hows thigh intensity) hght and 12 hours darkness,

BLD =16 » hours chigh intensityt hght and 16 houts dathnes~ LD 618 6 hour~ +hiygh mtenstyy hght and 18 hours darkness LD
W2 Lentumuous dtotab darkness
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TABLE 2 Average ambient, room, and cage temperatures and humudiy durtng the period of study’

Temperature measurement

Ambient ___Room o Kage Humidity te)
Months Max. Min Max " Min Man M Max Min
August’ 29 0 234 280 21 4 280 220 94 42
1986
September 354 24 6 320 220 330 - 2140 94 40
1986
October 3717 220 340 200 350 200 93 13
1986

Average daily temperature
Lighted chamber: 27°C
Dark chamber 25°C

'Postbreeding monsoon season

— NL

[o]

Groth rote it mm
~n

o -
¢ O

06

(X))

O 24

0 e — .
O-5-10 - 20 - 30 ~40 ~50-60 5-10 - 20 -30~40~-50-60 50«20~ 30 -40- 50-60 510 -20~30- 40-50 - 860

Block of doys

' Fig 2 Per day rate of regenerative growth in sighted and hhinded Hemitdactvlus
under different photoperiodic conditions .



80N I

o [ |
, L

EXTRARETINAL PHOTORECEPTION IN HEMIDACTYLUS 11

replaced
134 (4]
o] (e
1 1
—

?

Percentage of tai
W
O
1

20

1O~

Fig. 3. Percentage replacement during tail regenera-
tion in sighted and blinded Hermuidactylus under different
photoperiodic regimens. LL(H), continuous hight, high in-
tensity; LL(L), continuous light, low intensity; DD, con-

exposed to LD 6:18 and DD a measurable growth
occurred only between days 10 and 15 postcaudal
autotomy The regeneration process was completed
in LL(H), LL(L), and LD 18:8 groups of animals by
the 50th day, while in the other groups of lizards,
the regenerative growth ceased by day 60. The total
length of tail regenerated was maximal under LI(H)—
41.7 mm (NL), 42 0 mm (BL)—and minimal under
DD—27.4 mm (NL), 27.0 mm (BL)—which was a
replacement of 75.3% (NL), 75 1% (BL), and 50 5%
{NL1, 50 4% (BL), respectively, with the total length
of tail regenerated and percentage replacement in
the other groups of animals in between.

The pattern of growth rate depicted 1n Figure 2
indicates a linear increase peaking at 30-40 days'n
both NL and BL groups of animals exposed to all
photoperiodic regimes from DD to LD 16 8 However,
LD 18 6 and LL schedules induced a very significant
mitial growth spurt which rendered the growth rate
curve a biphasic one with increasing photoperiodism

tinuous (total) darkness; NLD, normal light and darkness;
18LL 6DD, 18 h light, 6 h darkness; 6L.L:18DD, 6 h Light,
18 h darkness, 16LL-8DD, 16 h light, 8 h darkness;
8L.L 16DD, 8 h light, 16 h darkness

beyond 16 hours having a definite positive influence
on this mmitial spurt. The positive influence of pho-
toperiodism was further revealed by the gradually
decreasing peak growth rate from LD 16.8 to DD.

All possible comparisons between the eight ex-
perimental setups {Duncan’s multiple range test) re-
vealed no statistical significance between NL and
BL groups of animals, and those exposed to DD and
LD 6.18 on the one hand and between NLD, LL(L)
and I.D 16'8 on the other. However, all other com-
parisons other than these were statistically signifi-
cant at both 5% and 1% levels

DISCUSSION

Long-day photoperiod stimulates tail regeneration
in the Gekkonid lizard, Hemudactylus flaviviridis, ™
whereas short-day photoperiod has no effect (Ndu-
kuba and Ramachandran '88) We now report that
this stimulatory photic effect is not mediated by the
lateral eyes, or retinae, as blinded Hemudactylus re-
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generated their lost (autotomized) tails similar to
their sighted (unoperated) counterparts. We, there-
" fore, presume that an extraretinal photoreceptor(s)
situated in the brain region of the lizard head me-
diate in photoperiodic photoreception during the pro-
cess of tail regeneration. .
Most investigations on a potential role for retinal
receptors have been conducted with birds. A long
series of investigations by Benoit on the domestic
.duck demonstrated the participation of extraretinal
receptors in the photoperiodic response in ducks (Be-
noit, '35). Many other different combinations of ex-
periments led Benoit to conclude that both retinal
and extraretinal photoreceptors are involved (Be-
noit, '70). However, a careful reconsideration of the
published work of Benoit by McMillan et al. ('75) led
'them to conclude that a retinal participation in pho-
toperiodism in duéks has not been conclusively dem-
onstrated. The participation of extraretinal recep-
~tors in testicularresponses in a second avian species,
the house sparrow, Passer domesticus, was shown by
Menaker and Keatts ('68). A series of experiments
with house sparrows, utilizing several different ex-
perimental approaches, demonstrated that the eyes
are not involved in photoperiodic photoreception, ex-
traretinal receptors located-in the brain are fully
capable of mediating this response (McMillan et al.,
'758) Subsequently, other avian species (chickens,
- Japanese quail, and white-crowned and golden-
crowned sparrows) have been investigated (Turek,
’75) and no clear demonstration of a retinal involve-
ment in the stimulation of gonadal recrudescence in
birds has been shown with blinded birds responding
as well as intact birds to stimulatory photoperiods.
. In our study of extraretinal photoreception in re-
lation to tail. regeneration in the lizard, H. flavivir-
idis, we firat applied a technique of shielding the
lateral eyes with a piece of dark cloth while leaving
the head region exposed to light. This technique proved
unsuccessful because the lizards frequently removed
" the coverings by scratching their heads against the
" walls of the wooden cages. We then proceeded sur-
gically to extirpate both the lateral eyes (bilateral
orbital enucleation) and our observations showed that
Hemidactylus accepts enucleation very well and the
mortality rate was negligible. From the time of au-
totomy till the completion of the regenerative growth,
‘there was no-significant alteration either in the ini-
‘tiation and onset of regeneration, the daily growth
rate, the total new growth (regenerate) produced at
the end of regeneration or the total percentage re-
. placement of the lost (autotomized) tails in blinded
lizards as compared to ‘their sighted (unoperated)
counterparts exposed to similar experimental pho-
toperiodic schedules.

L
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«We used two different light intensities in this in-
vestigation, a high light intensity of 2,500 lux units
and a low intensity of 638 lux units. Although the
higher intensity produced a better regenerative per-
formance, the lateral eyes did not play any signifi-
cant role in photoperiodic photoreception since enu-
cleated ariimals regenerated their autotomized tails
similar to their sighted counterparts. Underwood ('80)
demonstrated that the eyes were not involved in tes-
ticular recrudescence in Anolis carolinensis exposed
to light of 40 lux units intensity and doubted whether
they could be involved at higher intensities. Al-
though we were unaware of Underwood’s work at
the time we began our investigation on extraretinal.
photoreception in relation to tail regeneration in the
lizard, Henudactylus, we now feel that our obser-
vations in this report can satisfactorily erase that
doubt since at either 638 or 2,500 lux units of light
intensity, the eyes did not participate in photoper-
jodically significant photoreception.

In mammals, intact retinae appear to be required
for lighting information to influence most endocrine
systems (Hollwich, ’64) and circadian rhythmicity
{Snyderet al.,, '64), However, Ganong et al. '63} have
found that measurable amounts of light can pene-
trate the skull to the brain of mammals without the
intervention of the eyes. Other workers have ob-
tained evidence suggesting that light can directly
affect hypothalamic neurons in the duck (Benoit, '64)
and rat (Liske and Kannwischer, '64). The effects of
light exposure on pineal were reportedly abolished
by bilateral orbital enucleation (Snyder et al., '64;
Zweig et al., '686).

In the present -investigation, blinded (BL) and
sighted (NL) Henudactylus responded similarly to
continuous illumination as well as to the other ex-
perimental lighting regimens. From Figures 1 and
3, it becomes obvious that both the total length of
tail regenerated and percentage replacement are
maximal under LL(H) and minimal under DD in NL
as well as BL groups of animals. Though the values
with regards to these two parameters were quite
similar in LL (L), NLD and LLD 16:8 on the one hand
and LD 6:18 and DD on the other, a definite linear
correlation between the length of tail regenerate
and total percentage replacement can be inferred;
This fact is.confirmed by the observed values under
LD 18:6 which were significantly more than all the
other groups except for LL(H). Another striking in-
ference that could be drawn by careful study of Fig-
ure 2 is the biphasic growth spurt, in both NL and
BL groups of animals, during the course of tail re-
generation, under LL (H), LL (L), and LD 18:6 pho-
toregimens and the significant linear positive influ-
ehce of increasing intensity and duration of light

i
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exposure on the initial growth spurt The observable
effect of decreasing light schedules on the initiation
of the regeneration process is a delayed temporal
shift by 5 and 10 days, respectively, in LD 6:18 and
DD groups of animals. Moreover, there is no re-
markable effect of increasing photoperiodism on the
normal regenerative growth spurt which occurs be-
tween 30 and 40 days. It is, however, difficult at this
juncture to give any interpretive explanation on the

observed initial growth spurt in LD 18:6 and LL .

regimes and the resultant biphasic growth curve.

Our results demonstrate that the lacertilian lat-
eral eyes, or retinae, do not participate in photoper-
iodically significant photoreception. On the basis of
current knowledge, the most likely photoreceptor is
the pineal organ. Over the years, a body of infor-
mation, based largely upon indirect morphological
evidence, has accumulated to the effect that the epi-
physeal complex of the lower vertebrates is respon-
sive to light and darkness. A few electrophysiological
studies now lend direct evidence of such activity in
fishes (Hangri et al,, '69) and reptiles (Miller .and
Wolbarsht, '62)

How the pineal may respond to affect the rate of
tail regenerat.on can only be speculated upon. Mel-
atonin is produced by the pineal gland and is a' mi-
totic inhibitor (Banerjee and Margulis, '73) Mela-

tonin levels are lowest during the day and can be,

suppressed by ektended exposure to light (Brown-
stein, '75). Litwiller ("40} demonstrated that the mi-
totic rate of blastemal cells peaks during the light
phase of the diurnal cycle Our results demonstrate
that it is during the preblastemic, blastemic, and
early differentiation stages of regeneration, char-
acteristized by high mitotic potential, that the pos-
itive influence of increasing photoperiodism on the
regenerative performance is essentially exerted. Ap-
parently, photic input is being transduced and trans-
lated into hormonal and or physiological responses
favouring growth potential, though the exact action
at the cellular level remains speculative, It may be
that the increased mitotic rate during the daylight
hours and its subsequent decline during the dark
phase bears a causal relation to the melatonin cycle.
Alternatively, increased or decreased lengths of light
may affect the production of prolactin which is a
‘known growth promoter {Crim, '75). Bourne and
Tucker ('75) had, in fact, demonstrated the positive
influence of increasing lengths of light on the level
of serum prolactin. Serotonin could, in this respect,
. mediate the Light effect since it is enhanced by light
{Brownstein, '75). Moreover, serotonin and 1its pre-
cursors have been shown to elevate serum prolactin
levels (Lu and Meites, '73) and, therefore, could op-
erate as a mitotic stimulator by way of its ability to
induce prolactin release. .
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Preliminary Evidence for Pineal-Mediated

Extraretinal Photoreceptlon in Relation to

Tail Regeneration in the Gekkonid Lizard,
Hemidactylus flaviviridis

A.V. Ramachandran and Patrick I. Ndukuba .

Department of Zool ()gy Division of Developmental Physiology and Endocrinology,
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The tatl of the Gekkond lizard Hemtidactytus flaviviridis was autotomzed and the
ammals were subjected to esght different photopenodic schedules during the process
of tail regeneraton, Our previous observation had shown that long-day photoperiods
sumulate the regeneration process, whereas short-day photoperiods depress it
Furthermore, ot has also been demonstrated that the lateral eyes, or retnae, do not
participate n photopenodxcaﬂy significant photoreception in H. flaviviridis, as
blinded Hemudactylus regenerated their autotomized tails hike their sighted coun-
terparts exposed to simular expermmental phbmrcg:mca in a further attempt to
localize the site(s) of photoreception tn these animals, one group of lizards had their
heads panted with a mixture of Indian ink and Nile blue sulphate (11-NB$) [NL (HP )}
1n order to prevent hight from penetrating to the pineal gland, and another group had
therr prneal glands surgreally removed (pinealectomy, Px ), the regenerative poteatials
were compared with their normal (Ni.) counterparts Qur results showed that the
msation and omet of regeneration, the daily growth rate, the total new growth
(regencerate) produced at the end of regeneration and the totat percentage replace-
ment of the lost (autotomized ) tails were sigmificantly retarded in Px and NI (HP)
anmmals, compired with the NI (unoperated and nonpainted ) ones Since piealec
tomy as well as light deprivation to the pineal abobished the sumulatory influence of
long-tength photoperiods, the pineal gland 1s discussed here as a major transmitter of
photic stimulus 1 lacertihan tarl regeneration It1s presumed that in the hzard, as in
mammals and some birds, the pincal gland acts by way of the neuroendocrine
complex and/or the hypothalamohypophyseal axis
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INTRODUCTION

| ; ,

It is well established that among fishes, amphibians, and reptiles the pineal
gland, a small structure embedded in the top of the brain, and such associated
structures as the parictal “eye” are sensitive to light. The pineal system (pineal
organ and parietal eye) is light sensitive on the basis of ncurophysxologmal ‘and
cytological evidence [Wurtman et al,, 1968}, Ultrastructural and neurophysio-
logical studies have convincingly shown that the lizard’s parietal eye is a
functional photoreceptor [Eakin, 1973] The parictal eye often contains a
well-defined cornea, a lens, and a retina; the retina contains photosensory cells
similar in appearance to those found in lateral eyes [Hamasaki and Eder, 1977].
These photosensory cells synapse with ganglion cells that send axons to the rest
of the brain. In some studies, removal or shielding of the parictal eyes of lizards
has affected photoperiodic responses and activity of individuals exposed to field
conditions or to photothermal gradients in the laboratory |Stebbins, 1963, 1970;
Stebbins and Eakin, 1958] The obvious photoreceptive capabilities of Lizard
parietal eyes have prompted studies on the role this organ may play in mediating
such light-dependent processes as activity, reproduction, metabolism, and
thermoregulation |{Eakin, 1973; Ralph et al., 1979]. These studies suggest that
the parietal eye has an inhibitory role, since removal or shiclding the parietal
cye in some cases causes increased exposure of the hizards to photothermal
stumuli. In such cases, however, it is not clear whether the parietal eye is directly
involved as a photoreceptor organ or indirectly involved via the role it plays in
thermoregulation [Ralph cval | 1979}

The pincal gland is present in all vertebrates and generally appears to be
glandular in nature In lower forms, cells are present that are not unlike rod and
cone cells in the retinae of normal eyes but are not organized as such. [t is
possible, however, that in the course of evolution there has been a change from
a primitive photoreceptive type of organ, which can translate photic stimuli into
physiological controls of different types, to a sensory structure, which can carry
out similar functions in -response to stimuli affecting normal optic pathways.
Many species of fish, reptiles, and amphibians monitor the light-dark cycle by
way of a third e¢ye (parietal or parapineal eye) or via the pineal itself [Eakin,
1973; Adler, 1976]. Photosensory cells, ependymal {(supportive) cells, and
certain other types of cells have bccn recognized and described in the pineal
organs of lacertilians [Steyn, 1960; Eakin et al., 1961; Collin, 1967; Wartenberg
and Baumgarten, 1968; Hamasaki and Dodt, 1969] and chelonians [Vivien-Roels,
1969]. The consensus of opinion seems to be that the particular cells having
outer segments containing laminated cells are photosensory.

The perception of light provides important information for the organism
on its environment. For this purpose most animals possess well-developed
photoreceptors and ncuronal networks in the retina of their lateral eyes.
Interestingly, ¢ven in species with highly organized ocular photoreceptors,
additional photoreceptive structures—extraocular photoreceptors—are utj-
lized in the transmission of photic information about the day-night schedule and
scasonal photoperiod changes. Considerable evidence supports the view that
the pineal gland is the principal site of extraocular photoreception in lower
vertebrates [cf, Meissl and Dodt, 1981} Recent radioimmunoassay studies have
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revealed the presence of circadim oscillators in the isolated pineal organs of the
lizard Anolis carolinensis |Menaker and Wisner, 1983].

Previous studies with lizards demonstrated that extraretinal photorecep-
tors are involved in the photoperiodic response in A. carolinensis [Underwood,
1975). Accordingly, long-stimulatory photoperiods have been shown to induce
testicular recrudescence and maturation in blinded Anoles. Similar studies have
been conducted on a variety of vertebrate species such as fishes and birds in
which testicular growth could be induced in blinded animals by exposure to
stimulatory photoperiods [Underwood, 1979]. According to Maier and Singer
[1977]and Turner and Tipton | 1972}, long-length photoperiod can speed up the
rate of forelimb regeneranion in the newt and tail regeneration in lizards,
respectively. This effect 1» not mediated by the optic system, as blinded newts
kept in continuous light regencrated their forelimbs more rapidly than their
sighted counterparts kept tn total darkness [ Maier and Singer; 1977].

The response of homeothermic animals to light is known to be influenced
by pineal activity |see reviews by Kappers, 1971; Sorrentino and Benson, 1970;
Relkinz 1975; Oksche, 1976} In reptiles, the effects of pinealectomy have been
studied mainly with, regard to gonadal development and behavioral activity
[Stebbins, 1970; Levey, 1973; Haldar and Thapliyal, 1977; Thapliyal and Haldar,
1979; Underwood, 1981] To our knowledge, no investigation has yet been
carried out on pineal-mediated extraretinal photoreception in relation to tail
regeneration in lizards in general and Hemidactylus in particular. Hence the
present preliminary investigation was designed to elucidate the role of the
pineal gland in photoperiodic photoreception during the process of tail
regeneration. One group of H. flaviviridis had their heads painted with a
mixture of Indian ink-and Nile blue sulphate (II-NBS) in order to prevent light
from penetrating to the. pineal gland, another group had their pineal glands
surgically removed’ (pinealectomy), and the regenerative potentials were
compared with the normal (unoperated and nonpainted) counterparts exposed
to similar experimental photoperiodic schedules.

MATERIALS AND METHODS

Freshly collected adult H. flaviviridis of both sexes weighing 10‘ * 1.gm
and measuring 80 * 5 mm snout-vent length were obtained from a commercial
supplier (M/s.Zoophyton, Baroda, India) and maintained on a diet of cock-
roaches for a period of 7 days for acclimation to laboratory conditions. A total
of 760 lizards was used in this investigation, and they were divided into four
groups.

Group 1—Experimental

The first group, of 320 lizards that served as the experimentals, had their
pineal glands surgically removed (Px). The group was then divided into eight
batches of 40 lizards cach and exposed to eight lighting schedules, as detailed
later.

Group 2——~Experimental

The second group, of 80 lxzards had thc brain region of the head pamtc{d
with a mixture of cqual parts of Indan ik and 10 ~* Nile blue sulphate, in ordcr .

1
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to prevent light from penetraung to the pincal organ (NL-HP) Since H.
Slaviviridis sheds its skin epithelium periodically, it was necessary to reapply
the painting mixture every alternate day. The mixture was applied, using a thin
brush, to an arca extending rostrocaudally trom the snout to the base ot the
skull and laterally to an arca between the cars Two I}A{LhL\ ot forty lizards cach
from the group were exposed to continuous hight and 1 2-hour light regimes.

Group 3—Controls

The third group, of 320 lizards, had intact pineals without anty head paint
{NL). Forty lizards each were then exposed to the cight photoregimes.

Group 4—Controls

To be certain that the results observed contained no t())/cicity artefact from
the application of Indian ink-Nile blue sulphate mixture, a group of forty lizards
had their dorsal pelvie region painted with the muxture ‘Twenty lizards each
from this group were then exposed to continuous light and 12-hour light
schedules .

The eight photoperiodic schedules nvesugated were. 1) continuous light' -
{LL:LD 24:0) of high intensity—2,500 lux units, 2) ¢ontinuous light (LLLD
24:0) of low intensity—G38 lux units; 3) 18 hours of light and 6 hours of dark

“(LD 18:6); 4) 16 hours of light and 8 hours of dark (LD 16:8); 5) 12 hours of
light and 12 hours of dark (LD 12:12); 6) 8 hours of light and 16 hours of dark
(LD 8:16); 7) 6 hours of light and 18 hours of dark (LD 6 18); and 8) continuous
(total) darkness (DD:LD 0. 24) Pbotortgxmcs three to seven were of high
intensity—2,500 lux units .

The cages housing the animals measured 181" X 15 X 10 in, with one
side made of transparent glass and ventilated on three sides. Each cage housed

_a total of 20 lizards, and they were balanced for size and sex. Food and water

were provided ad libitum. The cages housing animals for the light experiments
were placed (glass surface up) under suspended 40-W fluorescent lamps,
thereby facing the source of illumination The mside of the wooden cages was
lined with aluminum foil so that lighting was dircct as well as reflected. The
distance from the fluorescent lamp to the glass surface of the cage was 15 in and
to the floor level, 25 in. The light intensity was measured at the floor level and
reflecting surfaces of the cage using a lux meter ( Weston Electrical Corporation,

NJ). To obtain a ligh light intensity of 2,500 lux units, four fluorescent lamps

were fixed and beamed together; for the low intensity of 638 lux units, only one
fluorescent lamp was utilized. The cages housing animals for the continuous

(total) darkness (DD.LD 0.24) experiment were placed in a dark chamber

completely shielded from light with opaque papers Except for a period of about

2 minutes’ exposure to dim red light for taking measurements, animals in this

experimental photoperiodic regime were mantained in complete darkness. The
source of the dim light used in taking the measurement of animals exposed to

DD was a small electric bulb completely wrapped with a red transparent paper.

The animals of LD 6:18, LD 816, LD 12.12, LD 168, and LD 18:6 were kept in

the lighted chamber at 7:00 AM and were bhxftcd nto the dark chamber at the.
end of the respective lengths of exposure.
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TABLE 1. Average Ambient and Room and Cage Temperatures ¢c) During the Period
of Study .

.

Temperature (°C)

Ambient Room Cage Humidity (% )
Months' Max Min AMax Min Max Min Max Min -
August, 1986 290 239 280 210 280 220 99 42
'Scp:cmbcr. 1986 35 -i 2106 20 224 330 210 94 4}
October, 1986 377 220 310 200 350 200 PR} 13

'Postbreeding monsoon seison Average darly temperatures lighted chamber, 27°C, dark chamber,
25°¢,

Tail autotomy was performed by pinching off the tail at the third segment
from the vent The length of new growth (regenerate) in mm was measured
with a graduate meter rule and recorded at fixed time intervals of 5, 10, 20, 30,
40, 50, and 60 days postcaudal autotomy. At the end of the experimentation, the
pinealectomized animals were sacrificed, and microscopic examination of the
head region and histologic exammation of the bramn were performed to ensure
complete removal of the pincal without any damage to the brain. This
investigation was conducted during the postbreeding monsoon months (Au-
gust—-October); the recorded average monthly ambient and room and cage
temperatures are given in Table 1 The average daily temperatures at the level
of the animals in the lighted and dark chambers did not differ by more than 2°C.
Data on the length of tail regencerated and the percentage of replacement were
subjected to an analysis of variance and to Duncan’s multiple range test with an
alpha ievel of both 0.05 and 0 01 [Dunun 195‘5]

RESULTS .

The results are depicted in Table 2 and Figures 1-3. The blastemic stage
appeared in LL and LD 18.6 exposed animals by day 5 to day 7 and in DD and
LD 6:18 exposed animals by day 12 to day 14 postcaudal autotomy. In Px lizards,
the blastemic stage occurred by day 8 to day 10 and day 18 to day 20,
respectively. In the intermediate photoperiod of NLD:LD 12:12 and LD 16:8, the
regeneration process started by day 8 to day 10 in NI and by day 15 in Px, while
in the LD 8.16 exposed animals, 1t occurred by day 10 to day 12 in NL and day
16 to day 18 in Px (Table 2) This temporal difference m regenerative
outgrowth persisted and was amplified until the carly differentiation phase,
after which it was minmmzed during thc late differentiation and growth phases
(‘Table 2).

Growth Rate and Total Length Regenerated

A measurable growth occurred in LL and LD 18:6 groups of animals by day
5 in the case of NL and by day 8 in the case of Px, while in NLD, LD 16:8 and
LD 8:16 groups of animals 1t occurred berween day 8 and 12 and days 15 and 18,
respectively, However, in lizards exposed to DD and LD 6:18, a measurable
growth occurred only between days 12 and 14 in the case of NL and days 18-20
in the case of Px (Table 2). The regeneration process was completed in LL (H),
LL (L), and LD 18 6 photoperniodic schedules by the 50th day in both groups of

t
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Fig. 1. Regenerative tarl clongation in normal and pinealectomzed Hemudactylus under different
photoperniodic regimens

animals, at which time the total length of tail regenerated was 41.7 mm,
33.3 mm, and 38.7 mm, respectively, in NL and 28 3 mm, 27 8 mm, and 27.1
mm, respectively, in Px (Fig 1 and Table 2), In the other groups of lizards, the
regenerative growth ceased by day 060, and the least lengths regenerated (28.2
mm-—NL, 27.2 mm—Px, and 27.4 mm--NL, 26 7 mm-—Px) were in the LD 6:18
and DD groups. The total lengths of tail regenerated in the remaining groups of
animals were nearly ssmilar and were 33.6 mm (NL) and 27.9 mm (Px) in LD
168, 33.0 mm (NL) and 275 mm (Px) in LD 12.12, and 31.0 mm (NL) and
26.6 mm (Px) in LD 8.16 (Fig 1 and Table 2). |

. From Figures 1 and 3, it is obvious that in NL, both the total length of tail
regenerated and the percentage of replacement are maximal under LL (H) and
minimal under DD. Although the values with regard to these two parameters
were quite similar in LL (L), NLD, and LD 16:8 on the one hand and LD 6:18 and
DD on the other, a definite linear correlation between the length of photoillu-
mination and the ulumate length of tail regenerated and total percentage
replacement can be inferred This fact is confirmed by the observed values
under LD 18:6, which were significantly more than all the groups except LL (H)
(Figs. 1 and 3) In Px animals, the stimulatory influence of long-length
photoperiods is abolished, as can be deduced from the significant retardation in
their regenerative potential when compared with their NL counterparts (Figs. 1
and 3) Secondly, there is no significant alteration erther 1n the initiation and
onset of regeneraton, the daily growth rate, the final length of tail replaced at
the end of regeneration, or the percentage of replacement of the autotomized
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Fig. 2. Per day rate of regenerative growth in normal and pedlectomized Hemdastylus under
ditferent photoperiodic regimens

tail in Px lizards exposed to the cight experimental photoperiodic regimens
under investigation (Figs 1-3 and Table 2)

The pattern of growth rate depicted i Figure 2 indicates a linear imncrease
peaking at 30—40 days in NL hizards exposed to all photoperiodic schedules
from DD to LD 168 However, LD 186 and LL photoregimes induced a very
significant initral growth spurt, which rendered the growth rate curve a biphasic
one with ncreasmng lengths of light bevond 16 hours having a definite
sumulatory influence on this initial spurt The sumulatory influence of long-day
photoperiods was further revealed by the gradually decreasing peak growth
rate from LD 168 to DD (Fig. 2) A biphasic growth pattern, although
quantitatively attenuated, was also discernible in Px and NL (HP) lizards under
LD 18 6 and LL photoperiodic schedules, while the ammals exposed to the other
lighting regimens showed a linear increase peaking at 30~40 days postcaudal
autotomy (Fig 2) )

Total Percentage of Replacement

Percentage of replacement in NL lizards, calculated in terms of total length
of tatl regenerated and total length of tarl autotomized, was 4 minimum of 50.5
in DD exposcd lizards and a2 maximum of 753 wn LL (H) exposed animals,
followed by 70 4 i animals exposed to LD 18 6 photoperiodic schedule (Fig. 3).
Lizards exposed to LL (L), NLD, and LD 16 8 recorded ncarly sumilar replace-
ments of 62 5%, 61 7%, and 62 7%, respectively Lizards exposed to 8 hours of
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Fig. 3. Percentage replacement dunmg tal regeneratton m normal afd pincdetomized Henid-
dactyius under difforent photoporiodic regunens FHHD) continuous hight (high mtcnsity ) H(L)
contmuous hight (low mtensity ), DD contmnuous (total) darkness, NUD normud Hight and darkness
1D 18 6 18 hours Light and 6 hiours dark, L1 6 18 6 houars hight and 16 hours dark, LD 16 8 16 hours
hight and 8 hours dark, LD 816 8 hours Light and 16 hours dark NI normal lizards, PX
pmealectomuzed hizards, NI (11P) normal hizards with head pamted

light showed a slightly reduced percentage replacement of 57 8%, whitle those
exposed to 6 hours of hight produced a replacement of 32 7%, more like the DD
exposed animals (Fig 3) Pmecalectomy as well as head paint in general nullitied
the stimulatory cttects of ight and produced a nearly simular replacement of
H9~31% (Fig 3) )

All possible comparisons among the cight expenimentad setups i NLNIL
(HP). and Px were made with reference to Duncan's multiple range test
[Duncan. 1955] No statistucal ssgniticance was found among NLD, LL (L), and
LD 168 n the NL groups and among all Px and NL (HP) groups of animals
Howeser, b other compansons other than these among NL, as well as among
NL. Pxoand NI (HP) groups, were statistically signsticant at both $% and 1%
levels

DISCUSSION

Previous studies o our liboratory have demonstrated that the duration of
photc mput as well as s mtensity have a defoute sumulatory mtluence on
facertihan tul regeneration | Nduhuba and Ramachandran 1988a] Furthermore,
it has also been shown that the fateral oyes, or retnae, do not partcipade
photoperodicatly signmificant phmnrcccpimn n the Gekkonmd Tzard £ Sflavior.
ridis, simce blmded hizards regenerated therr lost (autotomuzed) tails like their
sighted counterparts exposcd to similar expenimental photoperiodic regimens

X
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[Ndukuba and Ramachandran, 1988b] This study, wmed at evaluating the
possible role of the pineal gland in medmting the photic influence on tail
regeneration in lacertilians, has revealed that in H flaviviridis, the pineal is the
princif)ul photoreceptor organ, since- both pmcalectomy as well as light
deprivation to the pineal abolished the sumulitory mfluence of long-length
photoperiods on tail regeneration A compuaratn ¢ assessment of the new growth
{regenerate) shows that the mitiation and onsct of regenceration, the daily
growth rate, the final length of tail replaced at the end of regeneration, and the
percentage of replacement of the autotomized tail are all sigmificantly retarded
in PX Hendidactylus and also i NI(HP) hzards, compared with theic NL
Counterparts exposcd 0w similar cxpcfimcm.x! photoregimues

Most investigations on a potental role for retinal receprors have been
conducted with birds. A long series of investigations by Benoit on the domestic
duck demonstrated the participation of extraretinal receptors in the photope-
riodic response of ducks |Benoit, 1935] Many other ditterent combiations of
experiments led Benoit to conclude that both retinal and extraretinal photore-
“ceptors are mvolved [Benoit, 1970} However, a ciretul reconsideration of the
published work of Benoit by McMillan et al {1975] led them to conclude that
a retinal participation in photoperiodism m duchks has not been conclusively
demonstrated. The participation of extraretinal receptors in testicular responses
in a second avian specics. the house sparrow, Passer domesticus, was shown by
Mcenaker and Keatts [1908] A series of eapermients with house sparrows,
utilizing several different experimental approaches, demonstrated that the eyes
are not mvolved in photoperiodic photorecepuon and that exeraretinal recep-
tors located in the brain are fully capable of meduting this response {Under-
wood and Mcenaker, 1970; McMillan ¢t al | 1975] Previous studids with hzards
demonstrated that extraretinal photoreceptors are mnvolved in photoperiodic
response in A carolinensis [Underwood, 1975] Accordingly, long stimulatory
photoperiods have been shown to induce testicular recrudescence and matu-
ration in blinded Anoles Similar studies have been conducted on a variety of
vertebrate species, such'as fishes and birds, in which testicular growth could be
induced in blinded animals by exposure 1o stimulatory photoperiods [Under-
wood, 1979} '

In our study of pincal-mediated extrarcunal photoreception in #H flavivi-
ridis duning the process of tail regeneration, NL hzards replaced a minimum of
50.5% in LD 0:24 and a2 maximum of 75 3% in LL (H) In contrast, Px lizards
replaced about 50% ‘of the autotomized tail in all photoperiodic schedules
investigated. Obviously, a4 50% replacement can be considered as a basal or
innate level of regenerative ability that is independent of any photoperiodic
influence and can occur irrespective of the presence or absence of light,
However, replacements beyond 50% -are positively correlatable with increasing
photoperiodism, which could be nullified by pincalectomy as well as light
deprivation to the pineal organ. Presumably, an intact pmeal is the essential
‘receptor cum synchronizer of the photostimulatory response in Hemidactylus
during its tail.regencration However, a biphasic growth pattern, although
quantitatively attenuated, was discernible in both Px and NI ( HP) Lzards under
LD 18:6 and LL photoregimes. It 1s difficult to give a sound mnterpretative
explanation to this observanion. Nevertheless, 1t could be speculated that in the

'
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absence of the pincal—the principal photoreceptor organ i lacertilians—the
lateral eyes, or retinac, may indeed, be able to absorb and transout some amount
of phouc-information under long stimulatory photopeniods of higher Light
mtensities, which could be responstble tor the expression of the biphasic
growth pattern 1 Px Lizards 1t s known that the hypothalamus controls and
mtegrates many of the neuroendocnine funcuons i vertebrates and that the
suprachiasmatic nucleus serves as a circaduan pacemaker |Rusak and Zucker,
19791 In this context, it mav be presumed that under long photoperiods of
higher hght mtensities, a snudl amount.of retmally ransmutted hght impinges
upon the suprachusmatic nuclcus o produce the hxphlsm growth spurt
observed in Px lizards

On the basss of current knowledge, the most Likely phatoreceptor i Jower
vertebrates is the pmeal organ Over the years, a body of mtormation, based
lacgely upon mdirect morphological evidence, has accumulated to the effect
that the epiphyseal comple ot the fower vertehrates 1s responsive to light and
darkness A few clectrophysiological studies now lend direct evidence of such
activity 1 fishes [Doft. 1963, Mornita, 1966, Hangr ct ‘al. 1969, Falcon and
Metssl, 1981 ] and reptiles [Mitler and Wolbarsht, 1962] 1 hie pimeal complex of
hizards, the most extensively studied group of repules, 1s photosensory Many
lizard species have as part of the pmeal comples asuperticial parietal or “third”
cye [Gundy and Wurst, 1976] Lhe eve, an excetient wavelength diseriminator,
15 more highly orgamized than the homologous frontal organ of amphibians
[Dodt and Scherer, 1968] In Crotuphytus collars, the panetal eye and the
mtracranal pincal organ have a teedback relavonship wheran the parietal eye
sends afferent impulses to the pmeal body, and the pmeal body sends efferent
signals to the parictal eye [Engbrewson and Lent, 1976] A parietal nerve in
Lacerta viridis projects into the habenular region, and a nerve from the pineal
body reaches the subcomnusural organ with some fibers traversing the poste-
rior commisure [Kappers, 1967 .

" Recent radioimmunoassay studies have revealed the presence of circadian
oscillators m the solated pinceal organ of the licard A, carolinensis [Menaker
and Wisner, 1983] Circadian rhythms are characterized by three major prop-
erties. they oscillate under constant conditions (free-run), they can be synchro-
nized by environmental hight-dark cycles (entrainment), and their periods vary
only shghtly with changes in ambient temperature (temperature-compen-
sation). The pineal organ of A cdrolinensis must contan one or Mmore
temperature-compensated circadian osciliators coupled wiath photoreceptors
on the mput side and to melatonin syntheue pathways on the output side In A
carolinensts, some of the photoreceptors are coupled with the circadan
oscillators that regulate the synthesis of melatonin, since the rhythm in isolated
Anolis pineals can be entramned by LD cycles [Menaker and Wisner, 1983]

We may only speculate on how the pineal may respond to affect the rate
of tail regencration in # flampiridis. Melatonun is produced by the pineal gland
and 15 a2 mitotic mhibitor [Bancrjee and Margulis, 1973 Mcelatomn can be
suppressed by extended exposure to hight [Brownstemn, 1975] Lawiller [ 1940]
demonstrated that the mutotic rate of blastemal cells peaks during the hight
phase of the durnal cycle Our results demonstrate that it is during the
preblastemuc, blastemic, and early differentiation stages of regeneranon, char-
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acterized by high mntouc potental, that the sumulatory milucnce of increasmng
lengthis of light is essentially exerted mn NL ammals Apparenthy photic input s
being transduced and transtated nto hormonal and or physiological responses
favouring growth potential, although the esact acton at the cetlular fovel
remains speculative [t may be that the increased mtouc rate duning the
dayhght hours and 1its subscquent dechne during the dark phuase bears o causal
relation to the melatorun cycle Alternatvely, mcredased or decreased fengths of
hght may affect the production of profactin, which s 2 known growth promoter
|Crim, 1975] Bourne and Tucker | 1975 ] have, i fact, demonstrated the positive
influence of increasing lengths of hight on the level of serum prolactn
Serotonn could, in this respect. mediate the hight effect, sinee 1t s enhanced by
light [Brownstem, 1975] Morcover, serotonm and its prectirsors have been
shown to clevate serum profactn fevels JLu and Maoes, 1973 ] and therctore
could operute ds a muotic stmulator by way of ability to induce prolactin
release These modulatory etfects of light m NL amimals are abolished by
pmnealectomy as well as hight deprivation to the pmeal, since the regenceraton
process in Px and NLCHP) groups of hizards was not aftected by either increased
or decreased lengths of exposure o Light
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PARACHLOROPHENYLALANINE RETARDS TAIL
REGENERATION IN THE GEKKONID LIZARD
HEMIDACTYLUS FLAVIVIRIDIS EXPOSED TO

CONTINUOUS LIGHT
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Dvesion of Developmental Plivsiology and Lndocrmaology. Department of
Jootogy, MS Universay of Baroda, Baroda 390002 Coagarar State, {ndia
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Summary

Parachlorophenylalanme (p-CPA) was used tor chemical prncalectomy i a
study of il regeneranon m the gekhonid hzard, Henndacivlis davo oids Two
doses of p-CPA (200 o1 400 g kg ' body mass) were injected min two groups ol
zards (5 days pror o and 30 davs alter caudal autotomy} espe wed to continuous
hght of 2500 v mitensity dunng the summer season (March Movy Ous s
vations show that the mutiation ol regeneration, the daily growih rate he otal
fength o new wrowth (egenerate) produced. and the tetal percentage o
ment of the lost (autotomized) tatds 30 days atter autotomy were all signsh, aintly
fess with 400 g ke T and msgmticantly fess wath 20 g kg ' ol p-C PA than m the
conttol group of anmuals The tosults mav andicate that the elieet of the diug
p-CPAC an agent employed tor chemical pincalectomy . on tul regenerauon i
{1 flaviviidin s dose- dependent and that p-CPA at the Ingh dose of 400 pughg !
has @ simidar retardation elieet 1o that ot complete pieal ablation The role of the
pineal m photopenadic photoreception. and the etfect of p-CPA on serotonin-
melatonin biosynthesis and the consequent ettects on ta] regenerdtion. are
discussed

Introduction

A physiological role for serotonm (5-HT) i the regulation of gonadotrophin
secrction in vertebrates has frequently been suggested (see Vitale er of. 1986). The
distiibution of scrotonergie fibres in the median eminence (Villut er af. 1984} and
ther spaual relationship to lutemizing hormone-releasmg hormone (LHRH)
fibres (Jennes eraf 1982) provide ncuroanatonuceal support for the conclusion that
S-HT can be mvolved physiologically in the 1elease of LHRH trom the median
cmnence through an action on ason terminals (Vitale er al. 1984).

The targe number of studies supporting o ncurohormonal role for 5-HT in the
central nervous system accounts for the continuing interest i drugs capable of
selectivelv depleting brain 5-HT. cither by a sclective release mechanism or by

Kev words hght. hzard. p-CPA. regeneration, tail
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mhibrtig 5-HT biosynthesis (see Costa el al. 1962a.b). p-CPA is reported to
deplete the 5-HT stores in the bram. peripheral tissues and blood i rats and dogs.,
The S-HT content of the bruin. an particular. s reduced to very low levels.
although brain norepinephnine and dopamine concentrations are only shghtly
decreased (Sloviter et a/ 1978). The ingection ot p-CPA  aninhibitor of tryptophan
hydroxylase (Koe & Weisman, 1966: Walker. 1982), is reported to increase
luteimizing hormone (LH) levels and suppress prolactin (PRL) levels of broody
turkeys. resulting in ovarian growth (El Halawani er al. 1983). Blockage ot 5-HT
synthesis by p-CPA completely inhibits the rise in PRL that is normally associated
with the return of broody turkeys from cages to the nest (El Halawani er al, 1980).
p-CPA. as well'as the 5-HT antagonists methysergide. SQ10631 and cyptohepta-
dine, have been shown to decrease basal PRL levels in male chickens (Rabu er al,
1981)

There are reports indicating the influence of the pincal and PRL mn the
regeneration of amphibian appendages (see Mawer & Singer. 1981) Our recent
observations have shown that exogenous PRL improves tal regenerabion in hzards
exposed to continuous darkness (P. 1. Ndukuba & A,V Rumachandran,
preparation). The aim of the present investigation was to determine the effect. it
any, on the regenerative performance of lizards exposed to continuous light with
physicully intact pineals. but deprived of their ability to synthesize 5-HT by the
injection of p-CPA.,

Materials and methods
Experimental animals

Adult Hemudactylus flavivirides of both sexes weighing 10+ 1p (£ $.D )} and
measuring 83 & Smm (&s.n0.. snout-vent length) were obtained from a commer-
cial supplier (M/S Zoophyton. Baroda, Indi) and mamtamed on a diet of
cochroaches ad libitun for a period 7 days pior to expennmentation, for
acchmation to the laboratory conditions, 30 hizards were used tor the investigation,
and they were divided mto threc groups of 10 lizards each and exposed to
continuous light (24 h:0h L: D) of 2500 Ix intensity. )

Experimental methods
Group 1. p-CPA treated (200 ug kg™ body muss)

The first group of 10 lizards received a daily intraperitoneal injection of
200 ug kg ™' p-CPA (low dose) 5 days before and 30 days after tul autotomy. Food
and water were provided ad libitum

Group 2. p-CPA treated (400 ug kg™ body mass)

A second group ot 10 lizards 1cceived daly mtrapernoneal injection -of
400 ug kg™ p-CPA (high dose) 5 davs betore and 30 days atter tul sutotomy, Food
and water were provided ad lthitum.
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Group 3. Salme-treated (06 % sierite salime)

The third group of [0 hzards, which scrved as the control, recewved a daily
intrapenitoncal injection ot -6 % stertle saline 5 days before and 30 days atter tail
autotomy. Food and water were provided ad hibuan,

Preparanon of solunons

Parachlorophenylalanine. p-CPA (Sigma chenical company. St Lours. USA).
was dissolved i 0:6% (w/v) NaCl and brought to pH6-0 by the additton of
Smoll™! NayHPO, - 0-6 g of reagent grade sodium chloride (NaCly was dissolved
in 100 m! of redistilled water and stored 1in a relngerator tor daly usc.

xperunental set-up

All the expermmental anmmals were exposed 10 continuous fight ot 250010
intensity The ¢ages housing the animals measured 46 cm X 38 cm X 25cm with one
side made ot transparent glass and venulation on three sides. Each cage housed 10
lizards. five males and five females. and the animals selected were of similar size to
chmimate any possible citor m the comparative analysis of the regencration
process duce 1o sex and size ditferences, The three cages housing the annmals were
placed (glass surtace up) under suspended 40W fluorescent lamps. tacing the
source of illumination The mside of the wooden cage was lined with alupunum
toil so,that lighting was direet as well as reflected.” The distance from the
fluorescent lamp to the glass surface of the cage wus 38 cm and to the floor level
63 cm. The hght intensity was measured at the floor level using a luxmeter (Weston
Electrical Instrument Corporation. New Jersey. USA). To obtain the high light
intensity of 2500 Ix nceded for the experiment, four fluotescent lamps were fixed
and beamed together. We employed a high light intensity in this investigation
because we have catlier demonstrated that the regeneration process s markedly
enhanced by the fength of photailllumination.as well as its intensity (P. 1. Ndukuba
& A. V. Ramuchandian. mn preparation).

Tatl autotomy was pertormed by pinching off the tul at the third segment fiom
the vent. The length of tail removed from the anmmals varied fron: 50 1o 60 nim
The length of new growth (regenerate). in mm. was measured daily with a merter
rule and recorded art fised mtervals of 10, 15, 20, 25 and 30 day~ after caudal
autotomy, The recorded readings were used later for morphometnc calculations
and Student’s r-tests were used in determuning the statistical significance. This
investigation was conducted duning the summer month of May and the average
danly temperature at the level of the animals was 30°C. Ditferences at the P <0-05
level were considered to be statistically significant

Results
Growth rate, total length of tail regenerated and toral percentage replacement
The regenceration blastema appeared in saline-treated animals and those treated



238 A. V. RaMAcHANDRAN AND P. |. NpukuBsa

Table | Approximaie nunber of davs when to reach the vaitous arburary stages of
il 1egeneration in p-CPA-nreated and contiol lizards, Hemduacetylus flavivindis,
exposed to connnuots hght during the summes

Days atter tal autotomyy

Experunental : . Early Mid Late

ammals Wound citfer- ditfer- ditter-

(N = 10) ' healing  Blastema  entiation entidtion entaton Growth
Controls U 3-5 5-7 8 4 20
Mg kg' p-CPA 1 3.5 5-7 8 14 20
300 ug kg™ p-CPA s 8- 10 1214 16 18 24

p-CPA. parachlorophenylalunine

with 200 g kg ! p-CPA by day 3 and in those mjected with 400 ug kg ™' p-CPA by
the tenth day after tail autotomy (Table 1). The ligh dose ot p-CPA retarded the
regeneration process more than the low dose. The total fengths of tail regeneruted
by day 30 in control hizards and hizards injected with 200 and 400 ugkg ' p-CPA
were 27-7mm, 26:3mm and 13-2mm, respectively, which corresponded to a
replacement of 52:8 %. 50:5 % and 25-7% (Figs 1. 3). The pattern of growth rate
(Fig. 2) indicates a linear increase up to 15-20 days in amumals treated with
400 ug kg™ p-CPA. The saline-injected lizards showed biphasic growth rate
curve. with the first phase lasting up to 10 days and the sceond occurring between

30 -

Length of regenerate (mm)

T v v
10 20 KN

Time after awotomy (days)

Fig. 1. Length of tail regenerated at the end of 30 davs 1a contiol (@——@j and p-
CPA-treated (@— —@ 200 ugkg™', @-——@ 400 pgkp™") hizards exposed to continu-
ous hight. Vertical hines arc 5.0 N = 10. @~ —@. pincalectomized and exposed to
continuous light {data from Ramachandran & Ndukuba, 1988).
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20 and 30 days., whereas the lizards treated with 200 g kg ™' p-CPA did not show
) £ /

the second phase.

=

Comparisons (total length of tail regenerated and total percentage replacement)
between the three groups of animals (Student’s r-test) revealed no statistically

10~

)

. -
ST
z
Z 06~
z
z
2044
O
02~

{1}

T
30

u
20

Time alter antotamy (davsy

10

Fig. 2 Growth rate m blocks of 10 days n control (@) and p-CPA-treated

(G— —@. 2W0upke '
Mean £s.0 (N= 1)

0——-®. 400ugkg™') hzards exposed 1o continuous light.

0~
{3~
- / 4
v 4
3 /
£ 40 % /
-« I /
s
° ]
<k
£ N
ERRIE /
u
2
> /
14 / /
(J-L———-/ / 4 {
s ; ; <
\\‘\k T 3*:{";' .
g T aa
™ ‘,\\.\'\ \?\\.k\
\ ARSI SN

Fig 37 Percentage of tatd seplaced at the end of 30 days in control and p-CPA-ueated

lizards exposed to contn
hight {taken trom Ramae

wous hght Py pincalectomized and evposed to continuous
handran & Nduhuba [9R8)



240 A. V. RAMACHANDRAN AND P. I, Npukusa

s

significant difference between the sahne and 200 ug kﬁ" ' p- -CPA g groups. However.
compansons between the control and 400 ug kg™' p-CPA groups and between
200 ug kg ! p-CPA and 400 ugkg™' p~CPA groups were statistically significant at
the 5% level (Student’s i-test). ' ‘

v

Discussion

These results show that tail regeneration in the gekkonid lizard Hemidactylus
flaviviridis was significantly retarded with daily intraperitoneal injection of
400 ugkg™' p-CPA (high dose) but only insignificantly so with a low dosc
(200 ugkg™') of p-CPA (Table 1, Figs I, 3). This finding demonstrates that in
Henudactylus the retardation effect of p-CPA is dose-dependent, with the high
dose producing a marked effect. The mechanism of action of p-CPA in higher
_vertebrates has been demonstrated previously. p-CPA is a neutral amino acid and
can compete with tyrosine tor uptake into catecholamine neuroncs (Wurtman,
1975). It has been shown that p-CPA sclectively decreases the concentration ot 5-
HT in the bram without altering the concentration of noradrenaline or dopamine.
This selective action is probably ctfected by inhibition of the enzyme tryptophan
hydroxylase {Koe & Weisman, [966: Walker, 1982).

The perception of light provides important information for the organism about
its_environment. For this purpose. most animals possess well-developed photo-
receptors and neuronal networks in the retina of the lateral cyes. Interestingly.
even in species with highly organized ocular photoreceptors. additional photore-
ceptive structures — extraocular photoreceptors — are utilized in the transmission of
photic information about the day-night schedule and scusonal plmtopcnod\c
changes Considerable evidence supports the view that the pincal organ is the
punapal site of extraocular photoreception in lower vertebrates (sec Meissl &
Dodt. [981). The pineal system (pincal organ and parictal cye) has been shown to
be hoht -sensitive on the- basis of neurophysiclogical and cytological cvidence
(Wurtmdn et al. 1968). Recent studies from our laboratory have demonstrated that
continuous light stimulates tail regencration in the'lizard, H flaviviridis, whereas
continuous darkness depresses it (P. I. Ndukuba & A. V. Ramachandran. in
preparation) and, further, that the lateral eyes, or retinue, do not participate in
this photoperniodic response as blinded hzards regenerated their lost {automized)
tails as cftectively as did their sighted counterparts exposed to the same
experimental photoperiodic conditions (Ndukuba & Ramachandran, [988). It has
been shown that the pineal organ is the principal site of extraretinal photorecep-
tion in Henudactylus, since pincalectomy, as well as light deprivation to the pineal,
abolished the stimulatory influence of continuous illummation.and significantly
retarded the regeneration process (Ramachandran & Ndukuba, 1988), and also
tail regencration was stimulated by exogenous PRL in lizards kept in continuous

darkness (P 1 Ndukuba & A. V. Ramachandran, in preparation). The present
report shows that the initation of regeneration, the daily growth rate. the total
length of new growth (regenerate) pxoduccd at the end of regeneration, and the’
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total percentage replacement of the lost (autotomized) tails in lizards exposed to
continuous light were all significantly retarded by a daily intrapernitoneal injection
of 400 ug kg ' p-CPA. The results obtained here were similar to those obtained
carlier with pincalectomized lizards cxposed to continuous illumination (see
Figs 1, 3: Ramachandran & Ndukuba, 1988).

PRL has been cstablished as a growth promoter in developing organisms (Crim,
1975) and in regenerating systems (Maier & Singer. 1981: P. I. Ndukuba & A, V.
Ramachandran. in preparation) and has been shown to stimulate protein synthesis
in developing tadpoles {Yamaguchi & Yasumasu. 1977). Depletion of hypothala-
mic catecholamines by compounds that inhibit their synthesis resulted 1n a rise in
serum PRL level (Donoso er wl. 1971). In contrast, pharmacological procedures
that enhance the amme levels in brain, the injection of monoamine oxidase
inhibitors or L-dopamine. inhibit PRL release (Lu & Meites, 1971). In addition to
the vast Iiterature implicating dopamine mn the control of PRL secretion, some
studics suggest that 5-HT 1s a neurotransmitter involved in the stimulation of PRL
release. Kamberi eraf, (1971) induced PRL release by injecting 5-HT into the third
ventricle, and Lawson & Gala (1976) stimulated PRL release by systemic
administration of 5-HT. The 5-HT precursor, S-hydroxytryptophan (5-HTP) has
been shown to induce PRL reclease in rats (Chen & Meites, 1975). The above
reports are consistent with a stimulatory role for 5-HT in the control of PRL
secretion. In.the present investigation, the marked retardation in tail regeneration
in lizards treated with p-CPA indicates that 5-HT reurones may be mediating the
stimulatory effect of continuous illumination by way of PRL secretion during tail
regeneration in lacertilians (P. I. Ndukuba & A. V. Ramachandran, in prep-
aration), ’

Our recent observations have shown that half the tail is replaced, irrespective of
the light factor, since hzards exposed to continuous darkness regenerated 50 % of
their lost tails (P, I. Ndukuba & A. V. Ramachandran, in preparation). This study.
together with that of Ramachandran & Ndukuba (1988), demonstrated that”
continuous light can increase both the rate and the extent of tail regeneration and
that pinealectomy can totally abolish these light-induced effects. Apparently, the
intact pineal 1s the photoreceptor which mediates the favourable influence of light
on tail regencration in H. flaviviridis. The present study further reveals that lizards
with physically mntact pineals. but deprived of their ability to synthesize 5-HT by
the njection of p-CPA. failed to show the positive influences of continuous light
on tail regeneration. This sequence of observations leads to the conclusion that the
pineal is not only the photoreceptor but also the essential synchronizer which
transduces and translates the photic information into favourable regenerative
growth in lacertilians, Hence. it may be tentatively surmised that the purported
scrotonergic mechanism of PRL ‘releasc (Clemens et a/ 1977) may be the
operative mechanism in hizards. triggered by continuous light, and that such a
release of PRL can be blocked at the level of the enzyme tryptophan hydroxylase
by its inhibitor. p-CPA  leading to the deplction of 5-HT from the brain. However,
since p-CPA inhibits only the first step 1n the synthesis of 5-HT, it is possible to
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bypass its blocking action. and thereby re-estabhsh the concentration ot 5-HT, by
injecting the direct precursor of 5-HT following the injection of p-CPA. A study of
this is now in progress in our laboratory. employing the direct precursor of 5-HT.
S-HTP. which readily crosses the blood-brain barricr. The observation that
p-CPA did not completely inhibit tail regencration m Hemidacrylus (only 50 %
retardation was obtained) strengthens our carlicr inference that 50% tail
replacement is an innate ability which is independent of photoperiodism and
associated neuroendrocrine mechanisms and, apparently. occurs under basal
levels of PRL secretion (Ramachandran & Ndukuba. 1988).

The authors wish to acknowledge the facilitics provided by the University
Grants Commission of India sponsored Departmental Rescarch Support in
Developmental Physiology.
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