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ABSTRACT 

Aggressors from outside the body appear to alter its equilibrium, usually associated with an adaptive response against an 

aggressor that remains unknown to the nervous system as it works as a sufficiently intensified stimulus, capable of 

activating pain centers and evoking memorial trauma. This study was conducted on male Wistar rats, a model of choice 

for the study of anxiety has shown the importance of non-invasive administration techniques for the treatment by 

hesperidin, including the oral administration technique. Compared with this administration technique, a month of 

hesperidin injections (40 mg/kg) did not show enough preventive ability against significant immune and behavioral 

alterations induced by 2 h of air jet in the cage of the animal identified by the leukocyte formula and elevated T-maze test. 

This study suggests that unlike oral administration, the handling and pain associated with repeated intra-peritoneal 

injections cause the generation of a pseudo-stress expressed by a significant increase of the obtained plasma levels of the 

adrenocorticotropin hormone (ACTH). These immune-endocrine mediations triggered after such a negative contact with 

the animal (injections) may have side effects on the efficiency of hesperidin by slowing the anxiolytic properties in addition 

to the less obvious impact of white cells due to the immune resistance to glucocorticoids. 
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INTRODUCTION  

Aggressors from outside the body appear to alter its 

equilibrium, usually associated with an adaptive response 

against an aggressor that remains unknown to the nervous 

system as it works as a sufficiently intensified stimulus, 

capable of activating pain centers and evoking memorial 

trauma1,2.These stressors can be a result of environmental 

perturbations or social interactions. Regardless of the type 

of stressor, prolonged exposure to stress can have 

profound, long-lasting effects on physiology and behavior 
3. These changes are mediated by specific neuroendocrine 

mechanisms, including the activation of the hypothalamo-

pituitary-adrenal (HPA) axis. Increased HPA activity in 

response to stress, and the resultant release of adrenal 

glucocorticoids, can exert substantial effects on 

physiology, including brain remodeling and immune 

modulation 3. 

Such stimuli may be similar to the treatment of laboratory 

animals, for instance with natural antioxidants such as 

hesperidin. Although whether taken orally or by an intra-

peritoneal injection, hesperidin represents an important 

way to reduce metabolic disorders and the abundance of 

free radicals caused by the action mode of stress hormones 

and cytokines on the oxidation of target cells 4-6. Therefore, 

the handling and infection processes are likely to 

compromise the quality of the results obtained by blood 

numbering and behavioral tests aimed at demonstrating the 

effectiveness of hesperidin using any experimental 

protocol due to the negligence of choosing an 

administration technique that minimizes the anxiety state 

of the animal that is the subject of this study. 

We studied this effect by using two different 

administration techniques (intra-peritoneal injection and 

oral administration) with the same hesperidin dose to treat 

leukocyte and behavioral alterations caused by 

psychogenic stress (the air jet stress) in Wistar. 

 

MATERIALS AND METHODS 

Animals and housing 

Thirty-two Wistar rats with initial weights between 230-

250 g were purchased from the Pasteur Institute (Algiers, 

Algeria) to carry out this protocol where they were housed 

in translucent cages and acclimated to the conditions 

including a constant temperature of (25 ± 1 °C) with a  
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Table 1. Details of materials used  

Name Hesperidin 

Source 

Synonym 

 

Sigma, St. Louis, MO, USA 

Hesperetin 7-rhamnoglucoside, 

Hesperitin-7-rutinoside 

Empirical Formula C28H34O15 

Molecular Weight 610.56 

Biochem/physiol 

Actions 

 

Flavonoid phytochemical 

extracted from citrus species.  

It is the rhamnoglucoside 

(rutinoside) of hesperetin 

  

Table 2. Plasma levels of ACTH in rats treated with the 

hesperidin (40mg/kg) by oral and intra-peritoneal 

routes.  

Groups  ACTH (pg/ml) 

T 1,93±0,107C 

S 3,51±0,301 

IH 2,92±0,06b 

GH 2,46±0,354C ; α 

  

light/dark cycle of 12 h/12 h (lights on at 7:30 am). The  

rats had access to standard food and drinking water 

presented in ad libitum bottles. The study protocol was 

carried out according to the NIH revised Guidelines for the 

Care and Use of Laboratory Animals (no. 80–23, 1996). 

The treatment and experimental groups 

Thirty-two rats were divided into four groups (n = 8). The 

T group is the intact group. The GH group underwent a 

week of training receiving 2 ml of 5% sugar solution 

directly from the syringe. The animals adapted quickly to 

this procedure, which allowed the transition to oral 

administration of hesperidin (Sigma, St. Louis, MO, USA) 

at 40 mg/kg. The same dose is given to the IH group, but 

via intra-peritoneal injection (i.p.). The antioxidant 

treatment duration took one month before the application 

of the air jet stress, which occurred simultaneously in the 

S group. Recent advances in the field of psychological 

trauma suggest exploring methods to prevent the onset of 

anxiety disorders up to 30 days before their apparitions 

take place7. 

Air jet stress was chosen due to its recommendation by 

numerous scientific studies 8-14, and it is an emotional 

stressor consisting of creating a 2-h constant air pressure 

of 1 bar using a compressor equipped with a gauge in the 

rat cage through a side port. After the air jet stress session, 

the behavior of the four groups of animals was tested in 

elevated T-maze tests. The rats were then sacrificed by 

decapitation under mild anesthetic diethyl ether and the 

blood collection was carried out in 

ethylenediaminetetraacetic acid (EDTA) tubes to 

determine the total white blood cell count. The serum 

prepared immediately by centrifugation at 3,000×g for 15 

min. The supernatant is used for the measurement of the 

adrenocorticotropin hormone (ACTH).  

The elevated T-maze  

This test is applied to determine the anxiety disorders in 

rodents according to their escape behavior15. The device is 

prepared as a result of the obstruction of one closed arm of 

the elevated plus-maze test with a heavy cardboard barrier 

(12 cm × 40 cm) 16. Every rat was placed in the distal end 

of one of the two open arms and the time (latency) it takes 

to escape to the closed arms was measured in three 

consecutive sessions (escape 1, escape 2 and escape 3) at 

30 second intervals. A maximum of 300 seconds was 

devoted for all sessions, indicating the end of the session if 

the animal does not display escape behavior. After each 

session, the rat was returned to its cage and the device was 

wiped with 70% ethanol. 

White blood cell analysis 

Total white blood cell count (WBC) was measured using a 

fully automated blood cell counter (PCE-210 model 2009, 

Japan). 

ACTH 

To measure the plasma levels of the ACTH hormone, 

ELISA tests were performed as directed by the 

manufacturers. The kit for ACTH assay was obtained from 

Phoenix Pharmaceuticals Inc. Burlingame, USA. 

Statistical analysis 

All data are expressed as the mean ± SEM (standard error 

of the mean). All groups showed normal distributions, so a 

parametric statistical method; the one-way analysis of 

variance (ANOVA), followed by the post-hoc Dunnett's 

test when necessary, was used for multiple comparisons. 

The value of p<0.05 was considered as significantly 

different. Data were analyzed using MINITAB (Minitab ® 

15.1.1.0., Minitab Inc., USA). 

 

RESULTS  
Anxious behavior in the elevated T-maze test 

Rats exposed to air jet stress have shown a significantly 

low escape latency compared with the T group rats (p 

<0.001), but no significant difference was noted during the 

three escape sessions between the S and IH groups. This is 

not the case with rats administered hesperidin orally for 

escape attempts 1, 2 and 3 (p <0.001). These results 

explain the difference in the GH group compared with the 

IH group during the three sessions of the test (p <0.01) for 

escape attempt 1 and (p <0.001) for escape attempts 2 and 

3 (Fig. 1). 

White blood cell count  

The results of WBC formula show a highly significant 

decrease in rats exposed to air jet stress (p <0.001, Fig. 2) 

compared with the intact group T. between the GH and IH 

groups, there is a significant difference (p <0.05). 

Plasma level of ACTH 

The results are expressed as the mean ± SEM. a P < 0.05, b 

P < 0.01 and c P < 0.001 vs. S; α P <0.05 IH vs. GH. 

The results after two hours of air jet stress show a 

significant increase in the plasma levels of ACTH 

compared with groups T, GH (p <0.001) and IH (p<0.01). 

However there is significant difference between the GH 

group and IH group (p<0.05). 

 

DISCUSSION  

Hesperidin (HN, hesperetin-7-rutinoside) is a flavanone 

glycoside abundant in the fruits of the citrus family such as 

oranges and lemons 17. Experimental applications of this 

substance on animals and humans have many beneficial 

effects including antioxidant and anti-inflammatory  
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effects, in addition to a remarkable ameliorative capacity 

of the central nervous activity and the hematological  

system18-19. Very soluble in water, hesperidin could be 

administered orally and intra-peritoneally (i.p.). In many 

recent studies, such as the research of Wasowski, who 

demonstrated that acute and chronic i.p. administration 

depress the locomotor and exploratory activities within 

mice, unlike oral route that remain intact and induce an 

anxiolytic effect 4.  

The same finding was obtained in this study after one 

month of hesperidin pretreatment in Wistar rats with an 

average of dose of 40 mg/kg. Compared with the oral 

administration, the injected group had less protection 

against behavioral alterations in response to the air jet 

stress as reflected in the three sessions of the elevated T-

maze test, we found an escaping behavior in rats injected 

with hesperidin similar to that of the stressed group, with a 

learning latency between sessions, which revealed a slight 

improvement in the time spent in the open arm from one 

session to the next. Stress caused by negative interactions 

with the experimenter, will damage the learning and 

cognition abilities of the rat; thereby undermining the 

usefulness of the animals in biomedical research and 

limiting the external validity of the conclusions drawn 

from the data 20-22. In contrast, positive contact between 

animals and humans, such as the administration of 

hesperidin directly from the syringe after habituation 

training of the procedure for one week with a 5% sweet 

solution, can reduce the stress response associated with 

experimental practices. This was previously reported in the 

results of the elevated T-maze tests, which indicates that 

this group responds better to the antioxidant. These 

observations suggest that animal interactions with humans 

during the oral administration of a natural antioxidant 

imitate the positive social interactions of the species (e.g. 

tickling, substituting the tactile stimulation, caressing and 

substituting the tactile stimuli received during social 

grooming) could be used as alternative rewards that 

replace the aversive effects of the injections 23-24. 

Behavioral changes elucidated after the rats were exposed 

to the air jet stress showed a particular immune 

distribution; white blood cell levels were depressed in 

associated with a significant increase in ACTH level. In 

fact, scientific studies have shown that the exposure of 

rodents to important social challenges, in this case to a 2-h 

episode of jet air causes the high level of oxidative damage 

that can probably disrupt the balance between proliferation 

and blood cell apoptosis 25-31. The exact mechanism is not 

clear; however, researchers suspect the mediation of 

glucocorticoid-related stress. Pretreatment with hesperidin 

 

Figure 1: The parameters in the elevated T-maze test among rats pretreated with hesperidin by oral and intra-peritoneal 

routes and exposed for 2 h to air jet stress. The results are expressed as the mean ± SEM. c P < 0.001 vs. S; β P <0.01 and 
γ P <0.001 IH vs. GH. 

 
Figure 2: The white blood immune cell count of rats pretreated with hesperidin by oral and intra-peritoneal routes and 

exposed for 2 h to air jet stress. The results are expressed as the mean ± SEM. aP < 0.05 and c P < 0.001 vs. S; α P <0.05 

IH vs. GH. 
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could partly prevent these immune alterations triggered by 

sending a jet of air in to the cages of treated rats, as 

hesperidin has important antioxidant properties and acts 

through several physiological systems1, 6, 32-35 and directly 

affects the stress axis (HPA). According to Cai et al, 

hesperidin inhibits the expression of the mRNA of 

corticotrophin-releasing factor (CRF) in the hypothalamus 

and regulates the increase of ACTH hormone and the GR 

glucocorticoid receptor protein 36. 

The main issue our results raise is why, unlike the 

outcomes of the behavioral tests, did the injected 

hesperidin seem to better restore the values of white cells 

from damage from the oral air jet stress? 

Some studies suggest there is a specific window in which 

the development of specific response may be altered by 

stress. During a primary response, exposure to stress just 

before or during the 24 h following vaccination would be 

a critical period. Stress occurring later would have little or 

no effect 37-40. From this perspective, we argue that the 

handling coupled to the injection procedure repeated for 

one month is a pseudo-chronic stressor that prevents an 

immune deviation when exposed to the air jet stress such 

as the one observed in the group administered hesperidin 

orally and wherein the lack of aversive contact with the rats 

makes them immunologically naive to the stressful session 

of the air jet following treatment. Neglecting such an 

immune-resistance process by researchers will likely 

decrease the quality of collected immunity data by 

overestimating the immune-pharmacological effectiveness 

of any natural product, including hesperidin, due to non-

consideration of the anxiety impact of the treatment 

technique on the psychological status of the experimental 

model. Despite this, the negative effects of pain, stress and 

distress and their influence on study outcome are either not 

reported or underreported in published scientific papers 41. 

What is clear, however, are that handling effects can 

significantly alter an animal’s immune status either 

enhancing or compromising and could have important 

methodological implications 38. 

We have finally demonstrated that hesperidin, 

administered either by intra-peritoneal injection or oral 

administration, maintains a preventive efficiency against 

neurobehavioral and immunological changes that may be 

induced during psychological stress, as is the case of air jet 

stress. However, this work supports the consideration of 

non-invasive techniques such as oral administration that 

provides the animal with a positive contact link with the 

experimenter and avoids the physical aggressiveness of 

handling and the pain of repeated narcosis. As we 

demonstrated will compromise the data of behavioral tests 

during treatment with hesperidin by triggering a 

corticotropin response of ACTH level. In addition to air jet 

stress, it amplifies the animal’s anxiety and thus delays its 

beneficial anxiolytic effect and also impacts the immune 

system. These disturbances may compromise the clarity of 

the behavioral and immunological results of research 

focused on the benefits of natural antioxidants including 

hesperidin. Consequently, we support, in an experimental 

protocol, the distinction between the control group 

receiving the vehicle (placebo) and the intact group to 

isolate the effect of the drug on the active group compared 

with the administration effect itself.  

 

REFERENCES  

1. Herbert T, Cohen S, Stress and immunity: a meta-

analytic review. Psychosom Med1993; 55: 364-79. 

2. Besedovsky H, Del Rey A. Immune-neuro-endocrine 

interactions: facts and hypotheses. Endocrinol 1996; 

17: 64-102. 

3. Stefanski V and Engler H. Social stress, dominance and 

blood cellular immunity.  Journal of Neuroimmunology 

1999; 94: 144-152. 

4. Cristina W, Leonardo M, Loscalzo, Higgs J and Marder 

M.  Chronic Intraperitoneal and Oral Treatments with 

Hesperidin Induce Central Nervous System Effects in 

Mice. phytotherapy research phytother 2012; 26: 308–

312. 

5. Hirata A, Murakami Y, Shoji M, Kadoma Y, Fujisawa 

S. Kinetics of radical-scavenging activity of hesperetin 

and hesperidin and their inhibitory activity on COX-2 

expression.  Anticancer 2005; 25:3367–74.  

6. Garg, A, Garg, S, Zaneveld, L. J, and Singla, A. K. 

Chemistry and pharmacology of the citrus bioflavonoid 

hesperidin. Phytother 2001; 15(8): 655–69. 

7. Rao TS, Asha MR, Ramesh BN. Understanding 

nutrition,depression and mental illnesses.Indin J 

Psychiatry 2008; 50 (2):77-82. 

8. Lundin S, Ricksten SE, Thorén P. Interaction between 

"mental stress" and baroreceptor  reflexes concerning 

effects on heart rate, mean arterial pressure and renal 

sympathetic activity in  conscious spontaneously 

hypertensive rats. Acta Physiol Scand1984; 120: 273-

281. 

9. Lundin S, Ricksten SE, Thorén P. Interaction between 

mental stress and baroreceptor control of heart rate and 

sympathetic activity in conscious spontaneously 

hypertensive (SHR) and normotensive (WKY) rats. J 

Hypertens Suppl 1983; 1: 68-70. 

10. Lundin S, Thorén P. Renal function and sympathetic 

activity during mental stress in normotensive and 

spontaneously hypertensive rats. Acta Physiol Scand 

1982; 115: 115-124. 

11. Koepke JP, DiBona GF. Central beta-adrenergic 

receptors mediate renal nerve activity during  

12. Julien C, Cerutti C, Kandza P, Barres C, Su D, Vincent 

M, Sassard J. Cardiovascular response to emotional 

stress and spontaneous blood pressure variability in 

genetically hypertensive rats of the Lyon strain. Clin 

Exp Pharmacol Physiol 1988; 15: 533-538. 

13. DiBona GF, Jones SY. Analysis of renal sympathetic 

nerve responses to stress. Hypertension 1995; 25: 531-

538. 

14. Zhang ZQ, Julien C, Barrès C. Baroreceptor 

modulation of regional haemodynamic responses to 

acute stress in rat. J Auton Nerv 1996; 60: 23-30. 

15. Gobira PH, Aguiar DC, Moreira FA. Effects of 

compounds that interfere with the endocannabinoid 

systeme on behaviors predictive of anxiolytic and 

panicolytic activitie in the T maze. Pharmacol. 

Biochem Behav 2013; 110: 33-9. 



Issam et al. / The Contribution of… 

 IJTPR, Volume 7, Issue 4, August 2015- September 2015  Page 157 

16. Estanislau C, Morito S. Prenatal stress produces more 

behavioral alterations than maternal separation in the 

elevated plus-maze and in the elevated T-maze. Behav 

Brain Res 2005; 163:70–7 

17. Ross JA, Kasum CM. Dietary flavonoids: 

bioavailability, metabolic effects, and safety. Annu Rev 

Nutr 2002; 22:19–34. 

18. Nielsen IL, Chee WS, Poulsen L,et al. Bioavailability 

is improved by enzymatic modification of the citrus 

flavonoid hesperidin in humans: a randomized, double‐
blind, crossover trial. J Nutr 2006; 136: 404–408. 

19. Yamamoto M, Suzuki A, Hase T. Short‐term effects of 

glucosyl hesperidin and hesperetin on blood pressure 

and vascular endothelial function in spontaneously 

hypertensive rats.J Nutr Sci Vitaminol (Tokyo) 2008; 

54:95–98. 

20. Wolfle T. Laboratory animal technicians. Their role in 

stress reduction and human-companion animal 

bonding. Vet. Clin. North Am. Small Anim. Pract. 

1985; 15: 449–454. 

21. Sherwin C.M, Olsson I.A.S. Housing conditions affect 

self-administration of anxiolytic by laboratory mice. 

Anim. Welfare 2004; 13: 33–38. 

22. Pekow C. Defining, measuring, and interpreting stress 

in laboratory animals. Contemp. Top. Lab. Anim. 

2005; 44: 41–45. 

23. Panksepp J, Burgdorf J. Laughing rats and the 

evolutionary antecedents of human joy? Physiol. Behav 

2003; 79: 533– 547. 

24. Burgdorf J, Panksepp J. Tickling induces reward in 

adolescent rats. Physiol. Behav 2001; 72: 167–173. 

25. Irie  M,  Asami  S,  Ikeda  M,  Kasai H. Depressive  

state relates  to  female  oxidative  DNA  damage  via  

neutrophil  activa-tion.  Biochem.  Biophys.  Res.  

Commun. 2003; 311: 1014-1018. 

26. Epel  E.S,  Blackburn  E.H  Lin  J,  Dhabhar  F.S,  Adler 

N.E, Morrow  J.D,  Cawthon  R.M. Accelerated  

telomere  short-ening  in  response  to  life  stress. PNAS 

2004; 101: 17312-17315. 

27. Forlenza M.J, Miller G.E. Increased serum levels of 8-

hydroxy-2’-deoxyguanosine in clinical depression.  

Psychosom. Med 2006; 68:  1-7. 

28. Gidron Y, Russ K, Tissarchondou H, Warner J. The 

relation between psychological factors and DNA-

damage:  a critical re-view.  Biol.  Psychol 2006; 72: 

291-304. 

29. Voehringer DW. BCL-2 and glutathione: alterations in 

cellular redox state that regulate apoptose sensitivity. 

Free Rad Biol Med 1999; 27:945-50. 

30. Irani K. Oxidant signalling in vascular cell growth, 

death, and survival: a review of the roles of reactive 

oxygen species in smooth muscle and endot-helial cell 

mitogenic and apoptotic signalling. Circ Res 2000; 

87:179-83. 

31. Shackelford RE, Kaufmann WK, Paules RS. Oxidative 

stress and cell cycle checkpoint function. Free Rad Biol 

Med 2000; 28:1387-404. 

32. Deng W, Fang X, Wu J. Flavonoids function as anti-

oxidants: by scavenging reactive oxygen species or by 

chelating iron? Radiat Phys Chem 1997; 50(3): 271-6. 

33. Suarez J, Herrera MD, Marhuenda E. In vitro scavenger 

and an-tioxidant properties of hesperidin and 

neohesperidin dihydro-chalcone. Phytomedicine 1998; 

5(6): 469-473. 

34. Jovanovic SV, Steenken S, Tosic M, Marjanovic B, 

Simic MG. Flavo-noids as anti-oxidants. J Am Chem 

Soc 1994; 116(11): 4846-51. 

35. Nandakumar N, Balasubramanian MP. Hesperidin a 

citrus bio-flavonoid modulates hepatic 

biotransformation enzymes and enhances intrinsic 

antioxidants in experimental breast cancer rats 

challenged with 7, 12-dimethylbenz (a) anthra-cene. J 

Exp Ther Oncol 2012; 9(4): 321-35.  

36. Cai L, Li R, Wu QQ, Wu TN. Effect of hesperidin on 

behavior and HPA axis of rat model of chronic stress-

induced depression. Zhongguo Zhong Yao Za 

Zhi. 2013; 38 (2): 229-33. 

37. Kusnecov A. W and Rabin B. S. Inescapable footshock 

exposure differentially alters antigen- and mitogen-

stimulated spleen cell proliferation in rats.  Journal of 

Neuroimmunology 1993; 44: 33-42. 

38. Moynihan J. A, Ader R, Grota L. J, SchachtmanT. R 

Cohen N. The effects of stress on the development of 

immunological memory following low-dose antigen 

priming in mice. Brain, Behavior, and Immunity 1990; 

4: 1-12. 

39. Wood P. G, Karol M. H, Kusnecov A. W, Rabin B. S. 

Enhancement of antigen-specific humoral and cell-

mediated immunity by electric footshock stress in rats. 

Brain, Behavior, and Immunity 1993: 7; 121-134. 

40. Zalcman S, Minkiewicz-Janda A, Richter M, Anisman 

H. Critical periods associated with stressor effects on 

antibody titers and on the plaque-forming cell response 

to sheep red blood cells. Brain, Behavior, and 

Immunity 1988; 2: 254-266. 

41. Reinhardt V and Reinhardt A. Blood collection 

procedure of laboratory primates: a neglected variable 

in biomedical research. J Appl Anim. Welfare Sci 

2000; 3:321-333.

 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Cai%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23672047
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23672047
http://www.ncbi.nlm.nih.gov/pubmed?term=Wu%20QQ%5BAuthor%5D&cauthor=true&cauthor_uid=23672047
http://www.ncbi.nlm.nih.gov/pubmed?term=Wu%20TN%5BAuthor%5D&cauthor=true&cauthor_uid=23672047
http://www.ncbi.nlm.nih.gov/pubmed/23672047
http://www.ncbi.nlm.nih.gov/pubmed/23672047

