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ABSTRACT 

Larvae of the flesh fly, Sarcophaga ruficornis were exposed to Heat and Cold shock stresses in the 
present study. One of the responses to stress is the internal tissue damage. Trypan blue dye exclusion 
method was used to analyze the tissue tolerance to heat shock and cold shock. There is a difference in 
tolerance level in nongut and gut tissues to these thermal stresses. 
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1. Introduction 

Temperature is one of the most important environmental factors influencing physiological 
function of organisms. The physiological response to stress correlates with expression of 
genes whose proteinaceous product presumably contribute to protection from injury due to 
stress[1-3]. 
Studies on tissue damage by various stress responses have been limited to only a few 
dipterans, viz. Drosophila melanogaster[4, 5], transgenic D. melanogaster[6-13], Eurosta 
solidaginis[14], Chilo suppressalis[15], Delia antique[16, 17], Belgica antarctica[18], Lucilia 
cuprina[19] and Musca  domestica[20]. 
Trypan blue dye exclusion assay is the most commonly used method for measurement of cell 
viability[15]. The method is based on the principle that live or viable cells do not take up 
trypan blue while it readily enters dead or non-viable cells. In the present study, trypan blue 
dye exclusion method has been used to analyze the tissue damage due  to heat shock and 
cold shock in larvae of Sarcophaga ruficornis (Sarcophagidae: Diptera). Capacity of larvae 
to survive after heat and cold shock has also been assessed by analyzing mortality of larvae 
at high and low temperature. 
 
2. Material and Methods 
Laboratory stocks of Sarcophaga ruficornis Fab. (Sarcophagidae: Diptera) was used to 
analyze the tissue damage in larvae in response to heat and cold shock. The flies were reared 
in the laboratory following the method of Kaul and Tewari[21]. Response of larval tissues of 
S. ruficornis to heat shock and cold shock was examined by staining with Trypan Blue. 
 
2.1. Heat shock 
Five sets of 10 late third instar larvae were placed in a test tube lined with moist tissue paper, 
covered with muslin cloth and exposed to 40 ºC for 30 min.  and 60 min. For control 10 late 
third instar larvae were placed in a test tube covered with muslin cloth and kept at room 
temperature (26±2 oC) for 30 min. and 60 min.  

2.2. Cold shock 
Five sets of 10 late third instar larvae were placed in a test tube covered with muslin cloth 
and placed in Deep freezer at -10 ºC and -20 ºC for 30 min. and 60 min. For control 10 late 
third instar larvae were placed in a test tube covered with muslin cloth and kept at room 
temperature (26±2 oC) for 30 min. and 60 min. 

2.3. Analysis of damaged tissue 
The control and treated larvae were dissected and the internal tissues were immersed for 30 
min. at room temperature in Trypan Blue (0.2 mg/ml) in Phosphate Buffer Saline (PBS) (pH 
7.4). The tissues were intermittently rotated.  
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Tissues were rinsed thrice in PBS, washed for 30 min.  in PBS and 
immediately scored for Trypan Blue staining following the method 
of Krebs and Feder[4].  
2.4. Mortality of larvae at high and low temperature 
Mortality rate was observed after heat shock (40 oC) and cold shock 
(-20 oC) for different time intervals i.e.15 min, 30 min., 45 min & 
60 min. Following exposure larvae were thawed at room  
 

temperature and the mortality rates were assessed after 1 hour. 
Moving larvae were designated as survivors and the rest were 
considered as dead.          
 
3. Observation 
The staining patterns of different larval tissues after heat and cold 
shock are summarized in Table 1. 
 

Table 1: Staining pattern of control and stressed larval tissues of S. ruficornis. 
 Bg Sg Gc Mg Hg Mt 

Control + - + - + + 
Heat Shock 

(40 oC/30 min.) ++ + ++ +++ ++ ++++ 

Heat Shock 
(40 oC/60 min.) ++ ++ ++ +++ +++ ++++ 

Cold Shock 
(-10 oC /30 min.) ++ ++ +++ ++++ +++ ++++ 

Cold Shock 
(-10 oC /60 min.) ++ ++ +++ ++++ +++ ++++ 

Cold Shock 
(-20 oC /30 min.) ++ ++ +++ ++++ +++ ++++ 

Cold Shock 
(-20 oC /60 min.) ++ ++ +++ ++++ +++ ++++ 

Bg-Brain ganglia, Sg - Salivary gland, Gc - Gastric caeca, Mg - Mid gut, Hg –Hind gut , Mt - Malpighian tubule: 
(-)= No staining, (+) = Pale blue staining, (++) = Moderate staining,    (+++) Darker staining, (++++) = Darkest staining. 

 
3.1. Tissue damaged in larvae after heat shock 
Heat shock treatment, at 40 oC for 30 min. and 60 min. to the larvae 
show darker staining in brain ganglia, salivary gland, gastric caeca, 
mid gut, hind gut and malpighian tubule as compared to control. 
The brain ganglia, salivary gland and gastric caeca show moderate 
staining, while hind gut reveals dark staining. Malpighian tubule 
and midgut show the darkest staining (Fig.1a and b). 
 

 
 

Fig 1: Trypan blue staining pattern in third instar larval tissues of S. ruficornis (a) 
Control (b) in vivo heat shock at 40 oC /60 min. 

 
3.2. Tissue damaged in larvae after cold shock  
Cold shock at -10 oC for 30 min. and 60 min., elicits a response 
which is similar to heat shock, in brain ganglia, salivary gland and 
malpighian tubule. However, the gastric caeca and hind gut show 
darker staining and midgut shows darkest staining as compared to 
heat shock response. 
Similar findings were observed with that the cold shock at -20 oC 
for 30 min. and 60 min. The intensity of staining was strongest in 
midgut and malpighian tubules which mean that these tissues show 
lowest tolerance to temperature stress (Fig 2 a and b). 

 

 
 

 
 

Fig 2: (a) Cold shock effect in mid gut (b) Cold shock effect in 
hind gut and malpighian tubule in third instar larvae of S. 

ruficornis. 
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3.3. Mortality rate after heat and cold shock 
The rate of mortality increased with treatment time, though the rate 
of mortality was low in heat shock. After 60 min. exposure to heat  
 

shock temperature and cold shock temperature the mortality is 
approximately 100%. The mortality rate of S. ruficornis larvae 
after heat and cold shock is represented in Fig.3. 
 

Fig 3: Effect of heat and cold shock on mortality of S. ruficornis larvae. 
 
4. Discussion 
Animal tissues are prone to Heat and Cold shock[4, 22]. The 
integumentary muscles, haemocytes, trachea and some portion of 
the malpighian tubules have been found to be more susceptible to 
cold shock injury in overwintering larvae of Eurosta solidiganis[14]. 
However, in non diapausing larvae the midgut, silk gland and fat 
bodies are susceptible to freezing injury[15]. Krebs and Feder[4] 
opined that gut tissues show extensive necrosis after heat stress as 
revealed by trypan blue staining which increased in all gut tissues 
viz., salivary gland, gastric caeca, mid gut, hind gut as  compared to 
nongut tissues. In Sarcophaga ruficornis larvae where the midgut, 
hindgut and malpighian tubules are more susceptible to heat and 
cold shock as compared to brain ganglia and salivary gland. 
Malpighian tubules and the gut constitute the primary system for 
ion regulation, osmoregulation and excretion in insects. These 
organs may be especially valuable model for studying the effect of 
freezing injury and heat shock[23, 24]. 
A variety of thermal protective mechanisms may act in synchrony 
to prevent cellular damage[25].The general stress response involves 
the expression of stress proteins (Hsp). Their induction is often 
accompanied by tolerance to these stresses[26-31]. It seems that 
hsp70 in higher eukaryotes plays a central role in thermotolerance 
[32, 33]. 
Lindquist[34, 35] found in D. melanogaster that hsp 70 is the primary 
inducible heat shock protein and is not expressed before stress and 
even Hsp70 expression is strongly repressed in the absence of heat 
shock or once recovery from heat shock is complete. There is a 
close link between Hsp 70 expression and tissue damage as 
revealed by trypan blue staining[36]. According to Krebs and 
Feder[4] Hsp 70 expression and trypan blue staining may represent 
thermo sensitive region within an organism. They observed that the 
tissue which showed a prolonged delay in Hsp 70 expression after 
shock i.e. gut, stained intensely with trypan blue suggesting that the 
gut tissue is especially thermosensitive. The increases and 
decreases in Hsp 70 concentration is known to affect 
thermotolerance[33, 37, 38]. In D. melanogaster tissues such as brain 
and salivary glands which rapidly produced Hsp 70 in response to 
high temperatures suffered less damage from heat shock as 
compared to tissues namely caeca and midgut which show slow 
expression of Hsp 70 revealed extensive thermal damage[4, 39] . 
In S. ruficornis larvae the brain ganglia, salivary gland suffered less 

damage during temperature stress in comparison to mid gut , hind 
gut and malphigian tubules as revealed by trypan blue staining. 
Thus it seems that in S. ruficornis larvae nongut tissue i.e. salivary 
gland and brain ganglia have high tolerance and gut and 
malpighian tubules have low tolerance to temperature stress.  
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