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 Both sucrose ingestion and magnetic field (MF) exposure lead to opioid mediated pain 
modulation. We studied the effect of chronic sucrose ingestion in chronic MF exposed ( for 15 
and 30 days, Expt. I and II respectively )  rats on their responses latency ( tail flick, TFL), 
thresholds ( tail flick, TF, simple vocalization SV, vocalization after discharge, VAD) to phasic 
and ( pain related to behaviour ), tonic noxious stimuli. After exp., half the number of rats 
received sucrose per oral ad libitum for 15 days. In MF group the TFL was 19.99±4.67 sec. 
(11.35±1.10 sec. in control), and the thresholds of  TF, SV and VAD were respectively 
2.20±0.12, 4.90±1.37 and 7.53±1.11 mA (1.15±0.08, 2.65±0.46, and 4.46±0.54 mA in 
control) indicating a significant analgesia. Sucrose ingestion by control rats also produced 
analgesia. Whereas sucrose ingestion by MF rats increased the TFL to 31±0.00 sec. indicating 
sucrose fed analgesia. The threshold of pain was not affected.  
 In tonic pain test, average pain rating in MF group decreased indicating significant 
analgesia which was unaffected by sucrose feeding.  
  The results of our experiment suggest that sucrose feeding potentiated analgesia after 
magnetic field exposure only for TFL, which is operative at spinal level. 
 
 



Introduction: - 
Living being are continuously under the influence of the magnetic field at the earth’s surface. 
These magnetic fields always carry an associated electrical field, whose interaction with biological 
membrane produces different electrochemical and biophysical effects and consequently the 
biological responses (3). Exposure to electromagnetic stimuli has been shown to affect opiate - 
mediated analgesic, locomotor, reproductive and feeding behaviour (15). In-vitro studies have 
suggested that the exposure to time varying magnetic filed also cause an increase in cytosolic free 
Ca 2+ in HL-60 cells. This increased Ca 2+ has been shown to be involved in opioid mediated  MF 
effect on pain (1).  
Sucrose ingestion ad libitum brings about a decrease in pain threshold with in 15 - 20 min. (11).  
It also increases analgesic potency of morphine in male as well as female rats (4). Long term 
sucrose feeding brings about a decrease in endogenous opioid functions and thereby lead to 
increased sensitivity to pain (5). These studies suggest the role of opioid in mediating both MF as 
well as sucrose mediated analgesia. Therefore, we hypothesized that if MF is given along with 
sucrose it may potentiate or prolonge the effect of sucrose ingestion on nociception.   
 In this study, we observed the effect of exposure to magnetic field and sucrose ingestion 
simultaneously on phasic and tonic pain.    
Material and Method:- 
(1) Rat- Albino male rats of Wistar strain were used as the experimental model. Their body 

weight was  between 290- 420 gm at  the time of procurement. All experimental animal were 
taken from Animal facility,  All India Institute of Medical Science, New Delhi. The rats were 
placed in a special animal room having temperature of 25 ± 2° C and  regular light and dark 
condition ( 14: 10 h). 

(2)  Exposure to Magnetic field:- Rats were exposed to magnetic fields in a specially designed 
magnetic chamber. The equipment comprises of: Electromagnetic ( EM) coils mounted on a 
stand along with a moveable platform for the rat cage, and Current regulator that maintains a 
constant current for the EM coils. EM coils are wound on circular formers at a diameter of 
1000 mm, the two outer coils are wound with 18 turns each and two inner coils are wound 
with 8 turns each. All coils are connected in a series and provide a uniform magnetic field of 
17.9µ Tesla in the central area at the axis where is a platform for  placing the rat cage. 

 
(3) Nociceptive behaviour:  
   Nociceptive behaviour related to phasic and tonic pain was studied in every rat utilising 
following techniques. 
 

(i) Tail-flick latency test ( Noxious thermal stimulus):- Phasic pain was induced by noxious 
heat to the tail. Tail flick latency ( TFL ) was measured by tail flick analgesia monitor. 
Every rat was conditioned for 30 min in the restrainer before  starting the experiment. 
The rat’s tail was cleaned gently and  placed on the heating coil which was 4 mm. from 
the tip of the tail. The cut off time was set at 30 sec. to avoid any tissue damage. The 
response time gets frozen as the tail flicked. Heat was applied to the tail thrice at an 
interval of 5 min. The basal TFL was obtained by calculating the mean of 3 
observation. 

 



(ii) Threshold for tail flick:- The threshold of electrical stimulus to tail flick ( TF ) was 
determined by applying electrical shock to the tail. Two needle electrodes of 1 cm 
length were inserted intradermally  approximately 2 mm in depth and 2 cm apart into  
the middle portion of the tail ( positive rostrally and negative caudally). The electrodes 
were fastened with  adhesive tape. The rats were conditioned for 30 minutes in the 
restrainer after insertion. Noxious electrical stimulation (biphasic square wave pulses of 
40 Hz frequency, 1.5 ms duration and varying current strenght for 200 ms) was applied 
to the tail. Voltage was gradually increased till the response was observed. The current 
at which the TF occurred was taken  as threshold value. 

 
(iii) Thresholds of vocalization:- In this experiment, the threshold (mA) for Vocalization 

during (SV) and Vocalization after discharge (VA) were determined by applying 
electrical current to the tail of the rats. An increase in current after the TF,  elicited pain 
induced vocalization, which lasted as long as the stimulus. This was termed as the 
threshold of simple vocalization (SV). The vocalization response is known to be 
organised in the hind brain (2,6,7). When the intensity of stimulus was further 
increased, the vocalization outlasted the duration of the stimulus and hence was labelled 
as vocalization after discharge (VA). The VA represent the emotional (affective) 
component of pain. This is know to be organised in diencephalic / limbic structure 
(7,8). The threshold for TF, SV and VA were recorded thrice at an interval of 5 min          
( 9,10). 

 
(iv) Tonic Pain:- 
Formalin Test:  The behaviour related to pain stimulus ( algogen ) was noted. Rats were 
kept in an observation chamber. The observation chamber was made up of plexigalss. The 
size of chamber was 30 cm. x 25 cm, x 20 cm. with 10 small holes ( 0.5 mm. diameter). 
Under the floor, a large mirror ( 34 cm. x 25 cm.) was placed at 45° angle for getting a 
complete view of the pain related behaviour of the rat. 
Tonic pain was induced by injecting formalin solution ( 5%, 50µl. ) subcutaneously in to 
the plantar region of either right or left forepaw and a 4 point scale was used to quantity 
the pain related behaviour in one hour session.( 16). 
Category 0 : This was a pain free stage. The whole body was resting or moving on all four 
paw. 
 Category 1 : When the rat was either grooming or the injected paw was partially resting 
and little or no weight was borne by it. During locomotion, there was an obvious limp. 
Category 2: The injected paw was elevated or tucked under the body. 
Category 3: The injected paw was licked, bitten or shaken. 
 
Behaviour scores were entered into the computer for 60 min. and average pain score of 
every 5 min. duration was obtained. The time spent in each category T0, T1, T2, T3, was 
continuously recorded in the computer and pain rating for each block of 5 min. was 
calculated in the following manner. 
     
 
 



Pain rating  =   T1+2(T2)+3(T3) 
          t 

Where ‘ t’ is the duration of the block in seconds, T1, T2, and T3 represent number of 
second spent in category 1,2,3, respectively. 
 
Experimental Plan: 
Rats were obtain from animal facil ity of AIIMS. Body weight of the rats were noted. Rats 
were divided into 2 group of  12 each. First groups received exposure to magnetic field 
for 2 hours per day between 09:00-13:00h, while the other group didn’ t receive exposure        
(Control). This schedule was followed for 15 days. On the 16 day their response to phasic 
noxious stimuli was tested. Rats in both the groups were subdivided again namely 
magnetic field ( MF ) exposure per se and MF exposure in addition to sucrose- ingestion 
for 15 days. Similarly, half of the rats in control group received sucrose p.o. for 15 days. 
At the end of 15 days all the nociceptive responses ( both phasic and tonic pain) were 
tested.  
 
 
Results:-  
 
(i) Phasic Pain Tests after 15 days:- 
Control Group :- The tail flick latency ( TFL) of control group of rats was 11.35 ± 1.10 
sec. The threshold of tail flick ( TF ) in control group rats was 1.15  ± 0.08 mA, while 
vocalization during stimulus (SV) was 2.65±0.46 mA  and vocalization after discharge 
(VAD) was 4.23 ± 0.37 mA. 
Magnetic Field exposed group:- The tail flick latency after 15 days of magnetic field 
exposure increased significantly (P<0.001)  to 19.99 ± 4.67 sec. Threshold of tail flick 
magnetic field exposed rats increased to 2.20 ± 0.12 mA, while vocalization during 
stimulus is 4.90 ± 1.37 mA and vocalization after discharge was 7.53 ± 1.11 mA. All the 
threshold values were highly significant when compared with value of control group of 
rats. 
(B)  Phasic pain tests After 30 days:- 
The TFL of control group rats at the end of four weeks was 10.42±1.06 sec. whereas 
thresholds of TF  was 1.29±0.07 mA, vocalization during stimulus was 3.08±0.40 mA. 
and Vocalization after stimulus was 4.23±0.37 mA. 
 
Effect of sucrose ingestion : Following chronic sucrose feeding for 15 days the  TFL 
increased significantly (P<0.001) to 17.36±1.82 sec. The threshold of tail flick also 
increased significantly (P<0.001) in sucrose fed rats to 2.02±0.10 mA while that of 
vocalization during stimulus of sucrose fed rats was 3.92±0.21 mA and vocalization after 
stimulus was 4.59±0.37 mA . The result suggest sucrose induced analgesia in all the 
phasic pain tested. 
  
 Effect of magnetic field exposure group :-TFL of 30 days MF exposed group of rats 
increased significantly (P<0.001) to was 19.37±1.19 sec when compared to control. The 
threshold of  TF of  MF rats was 2.28±0.09 mA while vocalization during stimulus of MF 



exposed rats was 4.88±1.68 mA. Vocalization after stimulus of MF exposed group of rats 
also increased to 7.10±1.98 mA. Therefore latency and thresholds of pain were 
significantly (P<0.001) higher  than the control groups of rats indicating MF induced 
analgesia.  
Effect of magnetic field exposure and sucrose feeding :- In a group of rats sucrose was 
given along with MF exposure during the last 15 days. TFL of MF exposed and sucrose 
fed rats increased significantly (P<0.001) to 31.00±0.00 sec. When compared to control 
fed sucrose and MF groups. The threshold of tail flick in MF exposed and sucrose fed rats 
also increased 2.38±0.16 mA, while Vocalization during stimulus was 4.54±0.50 mA and 
Threshold for Vocalization  after stimulus was 5.88±0.45 mA. When compared to control 
fed sucrose rats. These results suggest potentiation of analgesia after MF exposure for 
TFL and TF. However, there was a decrease in the thresholds of SV and VA when 
compared to MF alone group.  
 
Tonic pain:- 

            Magnetic field exposure had a significant analgesic effect on pain test. The pain rating in            
the Magnetic field exposed group decreased significantly when compared to the control 
groups of rats at all five minutes epochs.The average pain rating after one hour in the 
magnetic field exposed groups decreased significantly to 2.06±0.08 from 2.32±0.10  in the 
control group. 

 
            Chronic sucrose feed did not have significant analgesic effect on the formalin pain test. 

The pain rating in the control + sucrose fed group of rats did not decrease significantly 
when  compared to the control group of rats at all five minute epoch. The average pain 
rating after one hour in the sucrose feeding group was 2.16±0.03. 

 
 Magnetic field + sucrose fed group:- MF + sucrose fed group had not significant analgesic 

effect on the formalin pain test. The pain rating in the MF + sucrose fed group of rats did 
not decrease significantly when compared to the magnetic field  exposed group at all five 
minutes epochs. The average pain rating after 1 hour in the MF + sucrose fed group of 
rats did not decrease significantly to 2.06 ± 0.08 from 2.03 ± 0.03 in the MF exposed 
group.  

         
 
            EFFECT OF MAGNETIC FIELD EXPOSURE AND SUCROSE INGESTION AFTER 

30   DAYS ON PAIN TEST 
             

 
   Group 

 
       TFL 
    (in  sec) 

 
        TF 

 
            SV 

 
         VA 

      
Control 

 
 10.42±1.06 

 
1.29`0.07 

 
3.08±0.40 

 
4.23±0.37 

 
Con+Su 

 
17.36±1.82$$$ 

 
2.02±0.10$$$ 

 
3.92±0.21 

 
4.59±0.37 

     



MF 19.37±1.19*** 2.28±0.09** * 4.88±1.68** *  7.10±1.98** *  
 
MF+Su 

 
31.00±0.00### 

 
2.38±0.16 

 
4.54±0.50 

 
5.88±0.45# 

 
    $ denoted the compression between control and control sucrose fed rats 
    * denoted the compression between control and MF rats 
   #  denoted the compression between control and  MF sucrose fed rats 
 
 
 
 

 
Time 
( min) 

 
Control 

 
Control + sucrose 
fed 

 
MF exposure 

 
MF + sucrose fed 

 
  5 

 
2.38±0.08 

 
2.38±0.15 

 
2.19±0.20 * 

 
2.25±0.17 

 
  10 

 
2.18±0.05 

 
1.97±0.11$ 

 
1.84±0.11** *  

 
1.79±0.21 

 
  15 

 
2.32±0.19 

 
2.08±0.05$ 

 
2.02±0.15**  

 
1.86±0.24 

 
  20 

 
2.15±0.19 

 
2.15±0.19$$ 

 
2.20±0.08* 

 
2.04±0.06 

 
  25 

 
2.42±0.20 

 
2.29±0.25 

 
2.13±0.12**  

 
2.09±0.11 

 
  30 

 
2.46±0.17 

 
2.32±0.17 

 
2.14±0.13**  

 
2.15±0.23 

 
  35 

 
2.36±0.15 

 
2.14±0.12$ 

 
2.05±0.018**  

 
2.05±0.05 

 
  40 

 
2.36±0.16 

 
2.27±0.20 

 
1.96±0.11** *  

 
2.02±0.09 

 
  45 

 
2.33±.018 

 
2.14±0.10 

 
1.96±0.25**  

 
2.01±0.07 

 
  50 

 
2.26±0.11 

 
2.07±0.06$$ 

 
1.85±0.10** *  

 
2.07±0.08## 

 
  55 

 
2.43±0.19 

 
2.31±0.13 

 
1.98±0.23* 

 
2.06±0.06 

 
  60 

 
2.34±0.21 

 
2.17±0.16$$ 

 
1.89±0.11** *  

 
2.02±0.04 

 
      $ denoted the compression between control and control sucrose fed rats 
     * denoted the compression between control and MF rats 
    #  denoted the compression between control and  MF sucrose fed rats 
 
 
 



 
Discussion :- 
 The result of our experiment indicate analgesic response to magnetic field exposure ( 17.9 µT) as 
well as to sucrose ingestion when given alone. However, when MF was given along with sucrose 
there was potentiation  of analgesia only in tail flick latency and TF, whereas, MF induced 
analgesia was decreased by sucrose ingestion for the threshold of SV and VA. The physiological 
and molecular mechanism underlying bioeffects of MF  involves opioids (12). It is hypothesised 
that it may possibly related to atteration in the opioid receptor number, their activation, sensitivity 
and dynamics, coupled with similar changes in other opioid modulated neurotransmitters (6) . 
Several group of workers have reported analgesia to noxious stimulation (16), while others 
reported hyperalgesia (17) and no effect after exposure to MF. The reported literature is 
predominantly  based on noxious thermal stimulus, which elaborates a motor responses of tail, 
mediated at spinal level.  In the present study we also observed an increase in the threshold of 
vocalization responses indicating that  MF probably also influences the pain pathways beyond the 
spinal level. A significant analgesia was also observed in tonic pain. This is the first study 
reporting effect of MF exposure on  tonic pain. As tonic pain is mediated at the level of PAG, 
VMH and medial thalamus, it is likely that MF exposure affected some higher area which in turn 
modulated the activity of other involved in phasic and tonic pain. 
Sucrose ingestion alone in the presented study lead to analgesia in both the tonic and phasic pain 
as reported by other workers (11). However, when sucrose was given along with MF there was a 
decreased in MF induced analgesia in all tests expect for TFL and TF. This data support the role 
of sucrose ingestion as an antidote to MF vis-à-vis a restoring milieu interior In our rat sucrose 
feeding potentiated analgesia of MF in TFL and TF which may be due to cross tolerance to 
sucrose at the spinal level. It is suggested that the interaction between MF and sucrose is multi-
factorial and complex and sucrose ingestion may involve a specific separate mechanism from  that 
of the MF.         
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