
���� ����	 
��
 ����� 
����� ��� 
������ �����1404  �!"# 
146-133 
'
��(�� � )�*+��	)(�,  

  

133 

 

  

Synergistic Effects of High-Intensity Interval Training and Berberine 

Hydrochloride Supplementation on Inflammatory and Hypoxia-

Related Gene Expression in Obese Middle-Aged Women 

 
Zahra Askarpour Kabir1, Rambod Khajaei 1*, Mohammad Reza Hosseinabadi1, 

Akbar Safipour Afshar2 
 

1- Department of Sports Sciences, Ne.C., Islamic Azad University, Neyshabur, Iran 

  2- Department of Biology, Ne.C., Islamic Azad University, Neyshabur, Iran 

*Corresponding author: r.khajeie@gmail.com 

Received: 23 June 2025                                Accepted: 12 August 2025 

DOI: 10.60833/ascij.2025.1210145 

 

Abstract 
Obesity in middle-aged women is associated with increased chronic inflammation and 

tissue hypoxia, playing a crucial role in metabolic disorders and related diseases. This 

study aimed to investigate the synergistic effects of high-intensity interval training (HIIT) 

combined with berberine hydrochloride supplementation on the expression of 

inflammation-related (NF-κB) and hypoxia-related (HIF-1α) genes, and metabolic 

indicators in obese middle-aged women. In this randomized controlled clinical trial, 40 

obese middle-aged women were randomly divided into three groups: HIIT + berberine 

(n=14), HIIT + placebo (n=13), and control (n=13). The training protocol included three 

HIIT sessions per week (30 minutes per session at 80-85% VO2max intensity) for eight 

weeks. The HIIT + berberine group received 1000 mg of berberine hydrochloride daily 

in two divided doses. Venous blood samples were collected at baseline and after 8 weeks 

to evaluate NF-κB and HIF-1α gene expression in peripheral blood mononuclear cells. 

Clinical indices including BMI, body fat percentage, VO2max, fasting glucose, insulin, 

insulin resistance (HOMA-IR), and C-reactive protein (CRP) were also measured. The 

results showed that the expression of NF-κB and HIF-1α genes significantly decreased 

after the 8-week intervention in the HIIT + berberine group compared to the HIIT + 

placebo and control groups. Additionally, the HIIT + berberine group demonstrated 

significant improvements in BMI, body fat percentage, VO2max, CRP, and insulin 

resistance compared to other groups (p < 0.05). A significant difference was also observed 

between the HIIT + berberine and HIIT + placebo groups in favor of the supplementation 

group. The findings of this study suggest that high-intensity interval training combined 

with berberine hydrochloride supplementation has synergistic effects in reducing NF-κB 

and HIF-1α gene expression and improving metabolic indices in obese middle-aged 

women. This combined intervention could be recommended as a novel and effective 

strategy to enhance metabolic health and reduce the risk of obesity-related diseases. 
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 �)�Q'; '��7��� NF-κB �HIF-1α:  =��


�U ���
 ����
=�C NF-κB � HIF-1α 3�� �� Real-

Time PCR ��:
� .�� ���I:�� cDNA �� RNA 

{��n:�����I:�� �
 ��� F:'� "�> �� cDNA )Thermo 

Fisher Scientific, USA(  �,&� ���
 `D� .�� A�H#

�U�o� ���� =�C ���:�� �� ���I:�� �
 Real-Time 

PCR (Applied Biosystems, USA) 3�� � SYBR 

Green ������ .�	��$ =��$��5:<� =�C�B	�U �[�X �C

 )��\) {��n:�� E���5 +�Y9�Z� ��1 �� `5 � (

�� "_[ ����
 �����5 ">�� A
 F:'� "H\ �C

 .���� ���� 3��I��U ���
a\�� �U A
 ",&� �C 

 GAPDH 3�� �� � �F�9���� Ct∆∆-2 ���� F�9��� =��
 �C

�� ���I:��.  

��
��
���0�7 ���)�VC2 �)�Q:  �'�9�
 =�C��u:� ����

���
 ���# V<�� 
�7 
��� T��� �
�	��� (BMI) 


�/�X� �O�&>� ��>��� � ��
 �
�8 �[�� 

(VO2max)   � )�:�i	� =����# �
 �7 � ��� .����


������ ������:�� �:��	��:�� �
�8 �[�� .���� =��$

`���DB	� )�-	�:-9���
 ���:�� �� ���I:�� �
 ��
 

)InBody 770�
�'\ ��> 
( E��Y# ?i'� =��
 .�� 

VO2max z��
 3�� A
 T����# ��'	�F/ "&# �� 


T	�/��5 
E	� �
 ���! .�	��$ ���I:�� �-�9�
�:� =�C

E�9�&�� A
 "���@� 
E�9�&�� 
�:��� F>� $ T��� 

(HOMA-IR)  �yZ� CRP ���������� =��$.  

���2I 5�=!4 :���� =���� F�9������ �� ���I:�� �
 �C��F/� 

SPSS   An&�26 ���� )���� a	��# .�� ��i�� �
 �C

P��$�B9�> ����� �� ���I:��- .�� �
�	��� P����B��

���� +����u# ����
 =��
 F�9��� ����� �� �C��$

������ �
 `��	�����-� =��$ )Repeated measures 

ANOVA( E�
 A&	�@� =��
 � �� ���I:��C��$ F�� �

^	 `��	��� F�9��� ����� ��cA/�  ����� �
 ���BC

�,�@Y# Bonferroni  =����'Y� yZ� .�	��$ ���I:��

����� ���B# =��
 =���� �C05/0 �� A:/�$ �o� ��.  

  

 )��\1- ?C�O5 �� ���I:�� ���� =�C�B	��5  
Table 1. Primers Used in the Study 

Gene primer Sequence (5'→3') Amplicon (bp) Reference 

NF-κB  F: 5'-AGACCAAGGAGATGGACCTCA-3' 

R: 5'-GGTATTTCTGGTCCCGTGAA-3' 

120 (3) 

HIF-1α F: 5'-TCAAGTCAGCAACGTGGAAG-3' 

R: 5'-TATCGAGGCTGTGTCGACTG-3' 

150 (13) 

GAPDH F: 5'-GTCTCCTCTGACTTCAACAGCG-3' 

R: 5'-ACCACCCTGTTGCTGTAGCCAA-3' 

143 (3) 

  

W��C� 

/���� ��M�� /��	  �SU-2��:  )��\2  +�Xn��

">�� A	�5 ^�/��$������$ A� �C �� ��$�''> )+ 

HIIT 
E	�
�
 HIIT  + )�:'> 
�,��5( �� ���� �� .�C�

����� �� ���I:�� �
 A�9�� =���� T� _# ANOVA  ����

�'Y� +��I# |�C A> ������$ E�
 =��� =�C��u:� �� �C

 
��
 ��� 
E�BMI   =��:
� �� ��
 �
�8 �[�� �

����� ��\� AY9�Z� )05/0 < p(���� ��� E	� A> 
 ��'C�

���$ A�9�� �'�BC"�� �C.  

V4�� 
) 7�'� ';��� NF-κB �HIF-1α:  �� `58 

�U ���
 
A <��� A:IC NF-κB ���$ ��  + HIIT  E	�
�
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 ��23/1  A
78/0 "/�	 ?C�> )001/0 < p(. ���$ ��  

HIIT  + �� V<�� E	� F�� �,��52/1  A
85/0  ?C�>

"/�	 )01/0  =p(.  =����'Y� ���u# )�:'> ���$ �� ���

 ��) ��� ��C���25/1  A
22/1
 3/0p = (  T-�)1(. 

�U ���
 HIF-1α ���$ ��  + HIIT  �� E	�
�
1/1  A


75/0 "/�	 ?C�> )002/0 = p( ���$ �� � + HIIT  

 �� �,��508/1  A
9/0 ���� )03/0  =p(.   ���$ ��

 ��) ��� ��C��� �H\�# T
�7 ���u# 
)�:'>05/1  A


02/1
 4/0p = (  T-�)2(.  �
 `��	��� F�9��� z��� �


������=��$�U ���
 ?C�> 
��-� =�C=�C NF-κB � 

HIF-1α ���$ ��  + HIIT  ���$ �� A
 ",&� E	�
�


�'Y� ��	���
 ��� )01/0 < p(. �,�@Y# ����� 

Bonferroni  ���$ �� ?C�> E	� A> ��� ����  HIIT 

+ )�:'> A
 ",&� E	�
�
 )01/0 < p( � + HIIT  

�,��5 )05/0 < p( �'Y���
 ���.  

XE����
�� �Q?�2I � Y�)C2�	�)C�I ��� : �� `5

�'Y� ?C�> �'	�B# ���$ �� �C 
A <��� �� =���

���
 ���# V<�� (BMI) ?	�F/� � ��
 �
�8 �[�� 


�'Y��� =��� Vo₂max ����� ����. ���$ ��  + 

HIIT 
 E	�
�
BMI   ��2/31  A
28/6  ?C�>)001/0 

< p( �� ��
 �
�8 �[�� � 
4/33  A
5/29  �[��

"/�	 ?C�> )001/0 < p(.  
E�'bBCVo₂max   ��

5/28  A
2/36 � ���:�9  ���5 ?	�F/� A@�7� �
 ��$� �> �


��> )001/0 < p(.   

  

  

  

  

  

  

  

  

���$ ��HIIT  + 
�,��5BMI   ��5/31  A
1/29  ?C�>

"/�	 )01/0 < p
(  �� ��
 �
�8 �[��9/33  A
4/30 

"/�	 ?C�> �[�� )01/0 < p(� 
 Vo₂max  ��28  A


34 ��> ���5 ?	�F/� )001/0 < p(.  
)�:'> ���$ ��

|�C�'Y� ���u# �C��u:� E	� �� ^	 ������ ���� =���

 )��\)3(. ���
 ��� u:���C�= 
����B���	
 ���$ ��  

+ HIITE	�
�
 
  �� �:��� F>� $105  A
92 �� ���$  �


���9��:  ?C�>	"/�  T-�)3
( 9�&���E  ��2/15  A


5/10 ��������- � �
� �9��: 5 ?C�>��� ��>   T-�)

4( � HOMA-IR   ��4  A
4/2  ?C�>	"/� )001/0 < 

p(.  yZ� CRP ��F � ��	E �$��  ��4  A
5/2 �� ���$ 

9 �
��: 5 ?C�>��� ��> )001/0 < p(. �� ���$HIIT   

+ �� �:��� F>� $ 
 �,��5104  A
96 �� ���$  �


���9��:9�&�� 
�E  ��1/15  A
2/12 ��������-  �


�� �9��:� 
 HOMA-IR  ��9/3  A
1/3   ?C�>

'Y�����= ����� ���� )01/0 < p(  T-�)5(yZ� . 

CRP  ��F  ��1/4  A
2/3 �� ���$ 9 �
��:  ?C�>	"/�  

)05/0 < p(  T-�)6.( �� C 
)�:'> ���$�|	^ � ��	E 

u:���C�= 
����B���	 u#��� 'Y�����= �':����.   

 A <��� A> ��> ��	M# �� A�9�� A�N�/ ?C�O5 E	� d	�:�

�,�>�# HIIT KC �L� E	�
�
 TB-� � � �	�F/�

G� Z� E	�B# A
 ",&� =�#A
 ���
 ?C�> �� �	�H'#

�UV<�� ��,H
 � �&>�D�C � �
�H:9� =�C �'�9�
 =�C

���� W�8 )�&���� ���� ��.  
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 )��\2- ">�� A	�5 ^�/��$��� +�Xn�� E������) ��$�''>± P��_�� ���Y�(  
Table 2. Demographic Characteristics of Participants (Mean ± SD) 

Variable HIIT + Berberine (n=14) HIIT + Placebo (n=13) Control (n=13) P-value 

Age (years) 42.5 ± 2.1 43.2 ± 2.4 42.9 ± 2.3 0.75 

Weight (kg) 84.6 ± 7.2 83.8 ± 7.5 85.2 ± 8.1 0.88 

BMI (kg/m²) 31.2 ± 1.6 31.5 ± 1.9 31.8 ± 2.0 0.69 

Body fat (%) 33.4 ± 3.2 33.9 ± 1.43* 33.7 ± 3.6 0.93 

  

)��\ 3- A <��� �� �Y
 � T,7 �	��B����
 � �'�9�
 =�C��u:�  
Table 3. Clinical and Biochemical Variables Before and After the Intervention 

Variable Group Pre-Intervention 

(Mean ± SD) 

Post-Intervention 

(Mean ± SD) 

P-value (Within-

group) 

Body Mass Index 

(kg/m²) 

HIIT + Berberine 31.2 ± 1.6 28.6 ± 1.5 < 0.001 

HIIT + Placebo 31.5 ± 1.9 29.1 ± 1.7 < 0.001 

 Control 31.1 ± 1.5 30.9 ± 1.5 0.30 

Body Fat Percentage 

(%) 

HIIT + Berberine 33.4 ± 3.2 29.5 ± 3.0 < 0.001 

HIIT + Placebo 33.9 ± 3.4 30.4 ± 3.2 0.01 

Control 33.2 ± 3.3 33.1 ± 3.4 0.44 

VO₂ max (ml/kg/min) HIIT + Berberine 28.5 ± 4.3 36.2 ± 4.8 < 0.001 

HIIT + Placebo 28.0 ± 4.2 34.0 ± 4.5 < 0.001 

Control 28.3 ± 4.1 28.6 ± 4.0 > 0.41 

  

  

  
 T-�1.  �U ���
 +����u#NF-κB `5 �� 8 .A <��� A:IC �U ���
 NF-κB A
 �	�� �
��'# E	�B# ���$ ��E	�
�
 P�X� ���BC A
 =����'Y� ��c

 ��23/1  A
78/0 "/�	 ?C�>  (p<0.001). A
 E	�B# ���$ ���B����� ���BC  �� ?C�> E	� F��20/1  A
85/0 �� ��C���  (p=0.01).  ���$ ��

 ����'Y� =���u# 
)�:'>) ��� 3��F$p=0.30.( ������ �
 `��	��� T� _#=��$���� ��-� =�C��
 ���� � ���$ E�
 ����'Y� T��Y# ��'C�  

(p<0.01).   
Fig. 1. Changes in NF-κB Gene Expression after 8 Weeks of Intervention. NF-κB gene expression in the high-intensity 

interval training (HIIT) plus berberine group significantly decreased from 1.23 to 0.78 (p < 0.001). In the HIIT plus 

placebo group, this reduction was also observed from 1.20 to 0.85 (p = 0.01). No significant change was reported in 

the control group (p = 0.30). Repeated measures ANOVA indicated a significant interaction between group and time 

(p < 0.01). 
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 T-�2.  �U ���
 +����u#HIF-1α  �� `58 .A <��� A:IC �U ���
 HIF-1α ���$ �� A
 �	�� �
��'# E	�B# �� E	�
�
 P�X� ���BC10/1  A


75/0 �'Y� ?C�>��� ���� =���  (p = 0.002). ���$ �� A
 E	�B#�B����� ���BC  �� ?C�> F��08/1  A
90/0 �� ��C���  (p = 0.03).  ��

��� ��	� ����'Y� =���u# 
)�:'> ���$ )05/1  A
02/1 
p = 0.40.( ������ �
 `��	��� F�9���=��$���$ E�
 �U ���
 ����'Y� ?C�> ��-� =�C �C

��> ��	M# �� (p < 0.01)  .  
Figure 2. Changes in HIF-1α Gene Expression after 8 Weeks of Intervention. HIF-1α gene expression in the high-

intensity interval training (HIIT) plus berberine group showed a significant decrease from 1.10 to 0.75 (p = 0.002). In 

the HIIT plus placebo group, a reduction from 1.08 to 0.90 was also observed (p = 0.03). No significant change was 

detected in the control group (from 1.05 to 1.02, p = 0.40). Repeated measures ANOVA confirmed a significant 

reduction in gene expression between the groups (p < 0.01). 

 

  
 T-�3.  +����u#�:��� F>� $ (Fasting Glucose)  �� `58 A <��� A:IC. A
 �	�� �
��'# E	�B# ���$ ��E	�
�
 ���BC
 A
 �:��� F>� $ ��c

 �� =����'Y�105  A
92 � ����� �
 ��$"/�	 ?C�> �:�9  (p < 0.001). ���$ �� HIIT + Placebo  �� ?C�> E	� F��104  A
96 � �� �
 ��$

����� ��C��� �:�9 (p < 0.01)�'Y� ���u# )�:'> ���$ �� ��� 
"���� ��\� =���  (p > 0.05). ������ �
 `��	��� T� _#=��$ ��-� =�C

�������$ E�
 ����'Y� +��I# ��'C���
 �C (p < 0.01)����� � 
 Bonferroni  ���$ �� F>� $ �:��
 ?C�> HIIT + Berberine  A
 ",&�

���$ �	����> ��	M# �� �C )p < 0.05  � p < 0.01.(  
Figure 3. Changes in Fasting Glucose after 8 Weeks of Intervention. Fasting glucose levels significantly decreased in 

the HIIT + Berberine group from 105 to 92 mg/dL (p < 0.001). A similar but slightly smaller reduction was observed 

in the HIIT + Placebo group, from 104 to 96 mg/dL (p < 0.01). No significant change occurred in the control group (p 

> 0.05). Repeated measures ANOVA revealed a significant group × time interaction (p < 0.01), and Bonferroni post-

hoc analysis confirmed that the reduction in fasting glucose was significantly greater in the HIIT + Berberine group 

compared to both the HIIT + Placebo and Control groups (p < 0.05 and p < 0.01, respectively). 
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 T-�4. E�9�&�� +����u# (Insulin)  �� `5 ���8 A <��� A:IC. ���$ �� E�9�&�� ���@� HIIT + Berberine A
 �� =����'Y� ��c2/15  A


5/10 µIU/mL "/�	 ?C�> (p < 0.001). ���$ �� HIIT + Placebo  �� ?C�> E	� F��1/15  A
2/12µIU/mL  �� 3��F$ (p < 0.01). 

 =���u# )�:'> ���$ ����� ��C��� (p > 0.05). ���$ E�
 +��I#z��� �
 �C ANOVA  ��
 ����'Y� (p < 0.001)  �,�@Y# ����� � 

Bonferroni ���$ �� �� =�:��
 ?C�> HIIT + Berberine ���$ �	�� A
 ",&���� ���� �C )p < 0.01  � p < 0.001.(  
Figure 4. Changes in Serum Insulin Levels after 8 Weeks of Intervention. Serum insulin levels significantly decreased 

in the HIIT + Berberine group from 15.2 to 10.5 µIU/mL (p < 0.001). In the HIIT + Placebo group, a reduction from 

15.1 to 12.2 µIU/mL was also observed (p < 0.01). No significant change was noted in the control group (p > 0.05). 

Between-group differences were statistically significant according to ANOVA (p < 0.001), and Bonferroni post-hoc 

analysis indicated that the insulin reduction in the HIIT + Berberine group was significantly greater than in the other 

groups (p < 0.01 and p < 0.001). 

 

 
 T-�5. +����u# HOMA-IR A
 �� `5 E�9�&�� A
 "���@� V<�� ���'!8 A <��� A:IC. ���$ �� HIIT + Berberine V<�� HOMA-

IR  ��4  A
4/2 "/�	 ?C�> (p < 0.001).  �����$ HIIT + Placebo  �� V<�� E	�9/3  A
1/3 ����  (p < 0.01).  |�C )�:'> ���$ ��

��� ��	� =���u# (p > 0.05). �'Y� +��I# =���� T� _#���$ E�
 =���A
 
��> ��	M# �� �C���$ A> =��c HIIT + Berberine  ��,H
 E	�:��


���$ �	�� A
 ",&� ����� ���� �C )p < 0.01  � p < 0.001(.  
Figure 5. Changes in HOMA-IR as an Index of Insulin Resistance After 8 Weeks of Intervention. In the HIIT + 

Berberine group, the HOMA-IR index decreased from 4.0 to 2.4 (p < 0.001). In the HIIT + Placebo group, it declined 

from 3.9 to 3.1 (p < 0.01). No significant change was observed in the control group (p > 0.05). Statistical analysis 

confirmed a significant difference between the groups, with the HIIT + Berberine group demonstrating the greatest 

improvement compared to the other groups (p < 0.01 and p < 0.001). 
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 T-�6. +����u# CRP (C-reactive protein) A
 �� `5 �
�H:9� V<�� ���'!8 A <��� A:IC. yZ� CRP ���$ �� HIIT + Berberine   ��

4  A
5/2 mg/L "/�	 ?C�>  (p < 0.001). ���$ �� HIIT + Placebo  �� ���@� E	� F��1/4  A
2/3 mg/L  "/�	 ?C�>  (p = 0.04) �� 


�'Y� =���u# )�:'> ���$ �� A> �9����� ��C��� ���  (p > 0.05). ���$ E�
 +��I# 
=���� F�9��� z����
��
 ����'Y� �C (p < 0.001) ����� � 

Bonferroni ���$ �� ?C�> A> ��� ���� HIIT + Berberine ��
 �#����'Y� � �:��
 �B����� � )�:'> ���$ A
 ",&� )p < 0.01  �p < 

0.001(.  
Figure 6. Changes in CRP (C-Reactive Protein) as an Inflammatory Marker after 8 Weeks of Intervention. The CRP 

level in the HIIT + Berberine group significantly decreased from 4.0 to 2.5 mg/L (p < 0.001). In the HIIT + Placebo 

group, CRP was reduced from 4.1 to 3.2 mg/L (p = 0.04). No statistically significant change was observed in the control 

group (p > 0.05). According to statistical analysis, between-group differences were significant (p < 0.001). The 

Bonferroni post hoc test further confirmed that the reduction in CRP was significantly greater in the HIIT + Berberine 

group compared to both the placebo and control groups (p < 0.01 and p < 0.001, respectively). 
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