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Reduced circulating growth hormone and insulin-like growth factor-1 and delayed growth of premature rats are aggravated by longer daily duration of chronic intermittent hypoxia exposure
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Objective: This study mainly aimed to investigate the effect of daily duration of chronic intermittent hypoxia (CIH) exposure on circulating growth hormone (GH)/insulin-like growth factor-1 (IGF-1) concentrations and body weight changes of premature rats.



Methods: 40 healthy male SD rats aged six weeks were enrolled in this study. These rats were randomly divided into four groups (n = 10 per group), including normal control (NC) group (normal oxygen exposure every day), CIH-1 group (daily CIH exposure for 2 h), CIH-2 group (daily CIH exposure for 4 h), and CIH-3 group (daily CIH exposure for 8 h). The serum GH/IGF-1 concentrations and body weights in all rats were determined after 30 days of normal oxygen or CIH exposure.



Results: No significant difference was found with respect to the baseline body weight among the four groups of rats. After establishments of animal models with a duration of 30 days, significant differences were found respect to body weight, body weight changes, and serum GH/IGF-1 concentrations among the four groups of rats with a same trend (all P < 0.05): the highest values were all in NC group rats, followed CIH-1 group, CIH-2 group, and CIH-3 group rats. Among all the rats, the body weight changes correlated significantly with both serum GH and IGF-1 concentrations (both P < 0.05).



Conclusion: CIH decreases circulating GH/IGF-1 concentrations and causes growth delay in premature rats. Such effects could be aggravated by increased daily duration of CIH exposures.
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Introduction

Obstructive sleep apnea (OSA) is characterized by recurrent episodes of partial or complete collapse of upper airway during sleep. The physiological consequences of this disease include sleep fragmentation, intermittent hypoxia, increased sympathetic activation, and nocturnal arousal (1). In children, the prevalence of OSA could reach to 3%–10% (2), and this disease is associated with several comorbidities, including decreased quality of life, worsened mental health, increased cardiovascular problems, and poor growth and development (3–6).

Growth hormone (GH) is a peptide hormone synthesized and secreted by the pituitary gland and its primary function is to promote somatic growth mostly through inducing synthesis of insulin-like growth factor-1 (IGF-1) (7), which are vital for skeletal growth in children (8). Reduced circulating GH/IGF-1 concentrations had been reported to be associated with growth delay in children with OSA (9, 10). In addition to sleep fragmentation, OSA related intermittent hypoxemia is also believed to be an important contributor (11, 12). However, the effect of different daily durations of hypoxemia on serum GH/IGF-1 concentrations is unknown. This is important for therapeutic indication, as hypoxemia always present during part of the whole night sleep in the vast majority of children with OSA.

In current study, immature Sprague Dawley (SD) rats were randomly grouped and subjected to different daily durations of chronic intermittent hypoxia (CIH) environment to simulate OSA associated hypoxemia. The serum GH and IGF-1 concentrations, and the body weight changes were determined and compared between different groups of rats. In particular, it was expected to investigate the effect of different daily duration of CIH exposure on serum GH and IGF-1 concentrations and delay growth of premature rats.



Materials and methods


Experimental animals

40 healthy male SD rats aged six weeks (obtained from Beijing Vital River Laboratory Animal Technology Co., Ltd.) were used in this study. All the rats were allowed free access to food and water, and raised under the conditions of 12 h light/dark cycle, 22 ± 2°C and 40% humidity. The protocol was approved by the Animal Ethics Committee of Peking University First Hospital. The experiments were performed in accordance with the relevant provisions of Regulations of the People's Republic of China on the Administration of Laboratory Animals.



Establishments of CIH models of rats

The exposures of CIH in this study were achieved in a hypoxia chamber, which could be adjusted. 40 SD rats were randomly divided into 4 groups (n = 10 per group), including one normal control (NC) group (normal oxygen exposure every day) and three CIH groups. The exposure conditions of the three CIH groups were as follows:


	(1)CIH-1 group: The rats were persistently exposed to cycles of 10%–21% O2 (10% O2 for 1 min and 21% O2 for 1 min) in the controlled hypoxia chamber for 2 h per day, 30 days in total;

	(2)CIH-2 group: The exposure of CIH and the total duration were both the same with CIH-1 group except the daily exposure duration which was increased to 4 h;

	(3)CIH-3 group: The exposure of CIH and the total duration were both the same with CIH-1 and CIH-2 groups except the daily exposure duration which was increased to 8 h.





Body weight measurement and detection of circulating Gh and IGF-1 concentrations

At day 0 and day 30, the weights of all rats were measured and recorded, respectively. At day 30, all the rats were intraperitoneally anesthetized with 4 ml/kg 10% chloral hydrate (0.4 g/kg), and arterial blood samples were harvested from the right femoral artery, respectively. Serum was separated by centrifugation (Eppendorf, Germany) at 3,000 rpm for 15 min and stored at −80°C until analyzed. The circulating GH and IGF-1 concentrations were evaluated by commercially-available ELISA kits (Boster, China), according to the manufacturer's instructions, respectively. The optical density of each well was determined at 450 nm within 30 min.



Statistical analysis

SPSS 20.0 statistical software (SPSS, Inc., Chicago, IL, United States) was used for data processing. Continuous variables were presented as mean ± standard deviation. Comparisons between the groups were evaluated by One-way ANOVA test. Correlation analysis between different variables were evaluated by Pearson correlation test. P < 0.05 indicated a significant difference.




Results

After establishments of animal models with a duration of 30 days, only one rat in NC group died before blood sample collection. Therefore, the data of the remaining 39 rats were collected for further analysis, including 9 cases in NC group and 10 cases in each CIH group.

The body weights measured at day 0 and day 30, the body weight changes, and the serum GH and IGF-1 concentrations detected at day 30 were shown in Table 1: No significant difference was found in baseline body weight among the four groups of rats (P = 0.987). However, there were significant differences respect to body weight measured at day 30, body weight changes, and serum GH and IGF-1 concentrations detected at day 30 (all P < 0.05). Furthermore, the trend was same: the highest values were all in NC group rats, followed CIH-1 group, CIH-2 group, and CIH-3 group rats (as shown in Figure 1).


[image: Figure 1]
FIGURE 1
Body weight measured at day 30, body weight changes, and serum GH and IGF-1 concentrations detected at day 30 all differed significantly among the four group of rats in a same trend (all P < 0.05): the highest values were all in NC group rats, followed CIH-1 group, CIH-2 group, and CIH-3 group rats.



TABLE 1 The body weight, body weight changes, and serum GH/IGF-1 concentrations among the four group of rats after 30 days.
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Among all the 39 rats, further analyses showed that the body weight changes correlated significantly with both serum GH (P = 0.001) and IGF-1 concentrations (P = 0.018) (as shown in Figure 2), with correlation coefficients of 0.495 and 0.377, respectively.
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FIGURE 2
Among all the 39 rats, the body weight changes correlated significantly with both serum GH (correlation coefficient = 0.495, P = 0.001) and IGF-1 concentrations (correlation coefficient = 0.377, P = 0.018).




Discussion

GH/IGF-1 axis plays essential roles in regulating multiple physiological processes in humans and other species, including in promoting somatic growth in children (13–17). The present study showed that daily CIH exposure could surely reduce circulating GH/IGF-1 concentrations and cause growth retardation in vivo, which supported the findings of former clinical studies (18–21). On the other hand, the significant correlations between circulating GH/IGF-1 concentrations and the body weight changes of the rats confirmed the decisive role of this axis in affecting somatic growth caused by CIH. Therefore, the circulating GH/IGF-1 concentrations could be used as reliable indicators to evaluate the effect of OSA on children's growth and development.

In normal children, the maximal GH secretory usually burst during the period of SWS (17, 22). Thus, individuals with OSA, who demonstrate polysomnographic reduction of SWS, may theoretically display alterations in GH/IGF-1 secretions (22). The current results suggested that circulating GH/IGF-1 concentrations could be directly affected by intermittent hypoxemia, another typical pathophysiological change of OSA. Such effect existed even in a short daily duration of CIH exposure, and became more pronounced with prolonged daily durations of CIH exposures. The pathophysiological basis for this time dependency is unknown. However, the clinical implicating is that, even a short duration of sleep hypoxemia per day (two hours in this study) could be proper indication for intervention respect to maintain a normal growth and development.

In clinical work, an in-laboratory polysomnography is not always prescribed for children patients with potential OSA due to its poor compliance, and a nocturnal pulse oximetry has been commonly used as an alternative test. The current results suggested that the latter may also be valuable for evaluating treatment indication, as it could detect the existence of hypoxemia and its duration.

Besides OSA, there were several factors that may affect GH/IGF-1 levels, such as age, genetics, psychological factors, exercise, obesity, nutritional intake, smoking and alcohol status, and even sleep duration (8, 14, 17, 23–27). Therefore, it is hard to exactly explore the effect of OSA related hypoxemia on these two hormone levels in clinical studies. In the present study, rats which had the same species, gender, age, body weights, and diet without smoking and alcohol were enrolled in the study, and the potential bias induced by other factors was excluded to the greatest extent, indicating that our findings above are convincing.

There are some limitations that need to be addressed. First, the number of rats used was relatively small. However, the potential confounders could be well controlled. Second, besides body weight, there were also some other items that could represent growing development, such as skeletal development, cognitive competence, etc., which were not discussed in current study. Third, the specific mechanism by which CIH affects circulating GH/IGF-1 concentrations was not explored in current study. The last two points are the focus of our future research.



Conclusions

In summary, our study demonstrated that CIH exposure could decrease circulating GH/IGF-1 concentrations and cause delayed growth in premature rats. The decrease of these two hormones and the delayed growth were in same trends. Moreover, longer daily durations of CIH exposures aggravated the above effects.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The animal study was reviewed and approved by The Animal Ethics Committee of Peking University First Hospital.



Author contributions

JZ and GY: designed the study. CZ, XD and JL: participated in the material preparation and data collection. CZ, XD, JL and JZ: engaged in data analysis and drafting of the manuscript. GY: revised the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Beijing Municipal Natural Science Foundation (grant no. 7204315) and the National Natural Science Foundation of China (grant no. 82171126).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Gottlieb DJ, Punjabi NM. Diagnosis and management of obstructive sleep apnea: a review. JAMA. (2020) 323(14):1389–400. doi: 10.1001/jama.2020.3514

2. Machado Junior AJ, Crespo AN. Pediatric obstructive sleep apnea: beyond adenotonsillectomy. Sleep Med. (2020) 66:282–3. doi: 10.1016/j.sleep.2019.09.011

3. Ehsan Z, Ishman SL, Kimball TR, Zhang N, Zou Y, Amin RS. Longitudinal cardiovascular outcomes of sleep disordered breathing in children: a meta-analysis and systematic review. Sleep. (2017) 40(3):zsx015. doi: 10.1093/sleep/zsx015

4. Kaditis AG, Alonso Alvarez ML, Boudewyns A, Alexopoulos EI, Ersu R, Joosten K, et al. Obstructive sleep disordered breathing in 2- to 18-year-old children: diagnosis and management. Eur Respir J. (2016) 47(1):69–94. doi: 10.1183/13993003.00385-2015

5. Scalzitti NJ, Sarber KM. Diagnosis and perioperative management in pediatric sleep-disordered breathing. Paediatr Anaesth. (2018) 28(11):940–6. doi: 10.1111/pan.13506

6. Waters KA, Suresh S, Nixon GM. Sleep disorders in children. Med J Aust. (2013) 199(8):S31–5. doi: 10.5694/mja13.10621

7. Junnila RK, List EO, Berryman DE, Murrey JW, Kopchick JJ. The GH/IGF-1 axis in ageing and longevity. Nat Rev Endocrinol. (2013) 9(6):366–76. doi: 10.1038/nrendo.2013.67

8. Liran M, Rahamim N, Ron D, Barak S. Growth factors and alcohol use disorder. Cold Spring Harb Perspect Med. (2020) 10(12):a039271. doi: 10.1101/cshperspect.a039271

9. Lanfranco F, Motta G, Minetto MA, Ghigo E, Maccario M. Growth hormone/insulin-like growth factor-I axis in obstructive sleep apnea syndrome: an update. J Endocrinol Invest. (2010) 33(3):192–6. doi: 10.1007/BF03346580

10. Cassano M, Russo G, Granieri C, Ciavarella D. Modification of growth, immunologic and feeding parameters in children with OSAS after adenotonsillectomy. Acta Otorhinolaryngol Ital. (2018) 38(2):124–30. doi: 10.14639/0392-100X-1380

11. Izumi S, Ribeiro-Filho FF, Carneiro G, Togeiro SM, Tufik S, Zanella MT. IGF-1 levels are inversely associated with metabolic syndrome in obstructive sleep apnea. J Clin Sleep Med. (2016) 12(4):487–93. doi: 10.5664/jcsm.5672

12. Hoyos CM, Killick R, Keenan DM, Baxter RC, Veldhuis JD, Liu PY. Continuous positive airway pressure increases pulsatile growth hormone secretion and circulating insulin-like growth factor-1 in a time-dependent manner in men with obstructive sleep apnea: a randomized sham-controlled study. Sleep. (2014) 37(4):733–41. doi: 10.5665/sleep.3580

13. Frater J, Lie D, Bartlett P, McGrath JJ. Insulin-like growth factor 1 (IGF-1) as a marker of cognitive decline in normal ageing: a review. Ageing Res Rev. (2018) 42:14–27. doi: 10.1016/j.arr.2017.12.002

14. Galvez-Contreras AY, Campos-Ordonez T, Lopez-Virgen V, Gomez-Plascencia J, Ramos-Zuniga R, Gonzalez-Perez O. Growth factors as clinical biomarkers of prognosis and diagnosis in psychiatric disorders. Cytokine Growth Factor Rev. (2016) 32:85–96. doi: 10.1016/j.cytogfr.2016.08.004

15. Nair D, Ramesh V, Li RC, Schally AV, Gozal D. Growth hormone releasing hormone (GHRH) signaling modulates intermittent hypoxia-induced oxidative stress and cognitive deficits in mouse. J Neurochem. (2013) 127(4):531–40. doi: 10.1111/jnc.12360

16. Juul A, Scheike T, Davidsen M, Gyllenborg J, Jorgensen T. Low serum insulin-like growth factor I is associated with increased risk of ischemic heart disease: a population-based case-control study. Circ. (2002) 106(8):939–44. doi: 10.1161/01.cir.0000027563.44593.cc

17. Chennaoui M, Leger D, Gomez-Merino D. Sleep and the GH/IGF-1 axis: consequences and countermeasures of sleep loss/disorders. Sleep Med Rev. (2020) 49:101223. doi: 10.1016/j.smrv.2019.101223

18. Zhang XM, Shi J, Meng GZ, Chen HS, Zhang LN, Wang ZY, et al. The effect of obstructive sleep apnea syndrome on growth and development in nonobese children: a parallel study of twins. J Pediatr. (2015) 166(3):646–50 e1. doi: 10.1016/j.jpeds.2014.11.060

19. Bar A, Tarasiuk A, Segev Y, Phillip M, Tal A. The effect of adenotonsillectomy on serum insulin-like growth factor-I and growth in children with obstructive sleep apnea syndrome. J Pediatr. (1999) 135(1):76–80. doi: 10.1016/s0022-3476(99)70331-8

20. Nieminen P, Lopponen T, Tolonen U, Lanning P, Knip M, Lopponen H. Growth and biochemical markers of growth in children with snoring and obstructive sleep apnea. Pediatr. (2002) 109(4):e55. doi: 10.1542/peds.109.4.e55

21. Zaffanello M, Piacentini G, La Grutta S. Beyond the growth delay in children with sleep-related breathing disorders: a systematic review. Panminerva Med. (2020) 62(3):164–75. doi: 10.23736/S0031-0808.20.03904-X

22. Leger D, Debellemaniere E, Rabat A, Bayon V, Benchenane K, Chennaoui M. Slow-wave sleep: from the cell to the clinic. Sleep Med Rev. (2018) 41:113–32. doi: 10.1016/j.smrv.2018.01.008

23. Harrela M, Koistinen H, Kaprio J, Lehtovirta M, Tuomilehto J, Eriksson J, et al. Genetic and environmental components of interindividual variation in circulating levels of IGF-I, IGF-II, IGFBP-1, and IGFBP-3. J Clin Invest. (1996) 98(11):2612–5. doi: 10.1172/JCI119081

24. Lanfranco F, Motta G, Minetto MA, Baldi M, Balbo M, Ghigo E, et al. Neuroendocrine alterations in obese patients with sleep apnea syndrome. Int J Endocrinol. (2010) 2010:474518. doi: 10.1155/2010/474518

25. Rasmussen MH. Obesity, growth hormone and weight loss. Mol Cell Endocrinol. (2010) 316(2):147–53. doi: 10.1016/j.mce.2009.08.017

26. Caregaro L, Favaro A, Santonastaso P, Alberino F, Di Pascoli L, Nardi M, et al. Insulin-like growth factor 1 (IGF-1), a nutritional marker in patients with eating disorders. Clin Nutr. (2001) 20(3):251–7. doi: 10.1054/clnu.2001.0397

27. Kaklamani VG, Linos A, Kaklamani E, Markaki I, Mantzoros C. Age, sex, and smoking are predictors of circulating insulin-like growth factor 1 and insulin-like growth factor-binding protein 3. J Clin Oncol. (1999) 17(3):813–7. doi: 10.1200/JCO.1999.17.3.813



OPS/images/fped-10-1008282-t001.jpg
Body
Weight at
day 0(g)

NC

CIH-1
(n=10)

CIH-2
(n=10)

CIH-3
(n=10)

Body
Weight at
Day 30 (g)

Weights
Changes
(g

Serum GH

158+27

154524

116+26






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Reduced circulating growth hormone and insulin-like growth factor-1 and delayed growth of premature rats are aggravated by longer daily duration of chronic intermittent hypoxia exposure

		Introduction



		Materials and methods



		Experimental animals



		Establishments of CIH models of rats



		Body weight measurement and detection of circulating Gh and IGF-1 concentrations



		Statistical analysis











		Results



		Discussion



		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
?frontiers ‘ Frontiers in Pediatrics

Reduced circulating growth hormone and
insulin-like growth factor-1 and delayed
growth of premature rats are aggravated by
longer daily duration of chronic
intermittent hypoxia exposure









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-10-1008282-g002.jpg
25 1500
% P=0.018
= £ 1000
E 15 s o®
H 2
= -
510 & s00
5 .
c e
140 160 180 200 220 240 140 160 180 200 220 240

Body Weight Changes (g)

Body Weight Changes (g)





OPS/images/fped-10-1008282-g001.jpg
540 240
Gl 3
= P<0.001 2 2204 P<0.001
& 520-] g
o g
® o
g £ 200
9
£ 500 S
g 2 180+
A @
480 T T T T 1 T T T T
NC CIH-1 CIH-2 CIH-3 NC CIH-1 CIH-2 CIH-3
25 1000-
P<0.001 P=0.026
~ 20 £ 8007
E E
® 2
£15 < 600
° )
E 10 £ 400
5+ @ 200

T T T T
NC CIH-1 CIH-2 CIH-3

T T T T
NC CIH-1 CIH-2 CIH-3





