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Introduction

Adrenal insufficiency (AI) is a clinical disorder that re-
sults in an inability of the adrenal cortex to produce or 

secrete cortisol. Adrenal insufficiency may primary (PAI) 
arise from secondary pathology of the adrenal gland which 
causes a defect at the adrenal level, secondary adrenal in-
sufficiency (SAI) due to pathology of the hypothalamic or 
pituitary gland results in a defect at the pituitary level, or 
tertiary adrenal insufficiency (TAI) due to defect at the hy-
pothalamic level as a result of inhibition of the hypothal-
amus pituitary adrenal axis via the therapy of exogenous 
glucocorticoids. PAI is also characterized by mineralocor-
ticoid (aldosterone).

deficiency (Kumar & Wassif, 2022; Martin-Grace et al., 
2020).  Synthetic glucocorticoids (GCs) due to their ability 
to reduce inflammation and inhibit the immune system, 
GCs are frequently employed, the potential glucocorticoid 
therapy side effect is inhibition of the hypothalamus pitu-
itary adrenal axis resulting in adrenal insufficiency. Various 
factors are increasing the incidences of adrenal insufficiency 
caused by glucocorticoids such as the glucocorticoid dose, 
route of administration, the duration of glucocorticoid 
therapy, dosage and potency of glucocorticoid, synchro-
nized medicines that interfere with glucocorticoid metab-
olism, and individual sensitivity. When the treatment of 
the exogenous glucocorticoid medication is lowered, pa-
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tients may experience symptoms of Cushing’s syndrome as 
well as glucocorticoid withdrawal syndrome. (Yasuda et al., 
2019). So, before the return of adrenal function, the usage 
of glucocorticoids shouldn’t be entirely ceased. 

While prolonged utilization of exogenous glucocorticoids 
can cause atrophy of adrenocortical (zona fasciculata and 
zona reticularis atrophy) and pituitary corticotroph cells 
atrophy. Whereas mineralocorticoids are secreted to main-
tain aldosterone secretion, which is controlled by the re-
nin-angiotensin system. (Prete & Bancos, 2021). 

Glycyrrhizic acid (GA) is a triterpenoid complex that nat-
urally extracts from the Glycyrrhiza glabra roots of licorice 
plants, which is thought to be a primary active and highly 
abundant component in licorice. Glycyrrhizic acid itself is 
hardly absorbed from the gastrointestinal tract. Before ab-
sorption, glycyrrhizin acid is hydrolyzed to give glycyrrhet-
ic acid, which is the ultimate biologically active metabo-
lite (Fernando et al., 2014). Researchers have reported the 
beneficial uses of GA at low precise doses; anti-diabetic, 
anti-hyperlipidemia, anti-inflammatory, antimicrobial, an-
ti-viral, antioxidant and anti-tumor properties. Moreover, 
it also has hepato-protective, renal protective, neuro-pro-
tective effects, as well as tyrosinase and thrombin inhibito-
ry activity, a steroid hormone, and estrogenic activity (Sun, 
et al. 2019). This research amid to detect the treatment and 
protective effect of Glycyrrhizic acid (GO) on hypothala-
mus pituitary adrenal axis hormones in adrenal insufficien-
cy caused by glucocorticoids in female rats. 

Materials and Methods 

Ethical Approval
 This research was conducted in the animal house at the 
College of Veterinary Medicine, University of Basrah, Iraq. 
with the IACUC ethical approval for animal 7/37in 2022.

Chemical
Glycyrrhizinic acid 98% concentration was brought from 
China Animals: For this experiment, fifty female white 
rats (2-3 months) aged weighing 170-210 grams. The an-
imal was housed in ventilated cages (10 rats /cages) under 
optimum conditions in the animal house including unlim-
ited water and free use of a commercial diet. The animals 
were given 10 days to acclimatize to the lab environment. 

Experimental design
Fifty female rats were divided randomly into five groups. 
Negative control group(G1): Normal saline was given oral-
ly to rats. Positive control group(G2): rats for seven days 
were treated with Hydrocortisone Sodium I.P. (50 mg/kg).  
Therapeutic group(G3): rats for seven days were treated 
with Hydrocortisone Sodium I.P. (50 mg/kg) and then 14 

days with GA (100 mg /kg) orally. Protective group(G4): 
Rats were treated for seven days with hydrocortisone so-
dium I.P. (50 mg /kg) with GA for 14 days(100mg/kg) 
orally. Group 5 (glycyrrhizic acid): For 21 days, rats were 
given 100 mg/kg of GA orally. Blood samples from cardiac 
punctures were taken at the end of the trial and placed into 
gel tubes for hormonal and biochemical analyses.

Hormonal and biochemical assay
The serum cortisol, ACTH, and CRH hormone deter-
mination by using commercial kits (cobas / USA). Serum 
11β-HSD enzymes (ELK Biotecohnolegy/China) and 
malondialdehyde (MDA) were determined by colorimetric 
method according to (Ahmed et al., 2011).

Statistical analysis
The data were statistically analyzed using the analysis of 
variance in the computerized SPSS program version 24.0.

RESULTS

Effect Of Glycyrrhizic Acid On Cortisol, Acth 
And Crh Hormones In Adrenal Insufficiency 
Female Rats.
The current investigation revealed a significant reduc-
tion(P<0.05) in serum concentration of cortisol, ACTH, 
and CRH hormones in the G2 group injected hydrocor-
tisone compared to the control (Table 1).  Glycyrrhizic 
Acid treatment caused a significant increase (P<0.05) in 
G3(therapeutic)and G4 (protective) groups compared 
with the G2 group. However, the cortisol value in G3 and 
G4 groups and the ACTH value in the G3 group have 
significant differences (P<0.05) compared to the control. 
While no significant differences between G4 and the con-
trol group in ACTH and between G3, G4, G5 and the 
control group in CRH concentration (Figure. 1).

Figure 1: Effect of Glycyrrhizic acid on serum cortisol, 
ACTH, and CRH Concentration in adrenal insufficiency 
in rats. Control negative: received normal saline, 
control positive: hydrocortisone, Therapeutic: received 
hydrocortisone then Glycyrrhizic acid, Protective: received 
hydrocortisone with Glycyrrhizic acid, Glycyrrhizic Acid: 
Glycyrrhizic acid only.
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Table 1: Effect of Glycyrrhizic acid on serum cortisol, ACTH, and CRH Concentration in adrenal insufficiency in rats .
  Parameter/Group Cortisol

(nmol/L)
ACTH
(Pg/ml)

CRH
(Pg/ml)

Control Negative(G1) 65.22 ±4.58 a 96.88 ±8.34 a 7.42 ±0.30 a
Control Positive (G2) 31.51 ±5.03 c 46.57 ±2.64 c 5.13 ±0.5   b
Therapeutic (G3) 42.48 ±9.78 b 71.24 ±3.08 b 6.6 ±1.29   a
Protective(G4) 45.56 ±4.54 b 100.08 ±13.1a 7.21 ±0.99 a
Glycyrrhizic Acid(G5) 69.53 ±8.5   a 102.23 ±4.94 a 6.62 ±0.58 a

Values = mean ± SD., n = 10/group. Small letters = difference across groups P<0.05. Control   group: received normal saline, Control 
Positive: hydrocortisone, Therapeutic: received hydrocortisone for 7 days then treated with Glycyrrhizic acid for 14 days, Protective: 
received hydrocortisone for 7days then Glycyrrhizic acid for14 days, Glycyrrhizic Acid: received Glycyrrhizic acid for 21days.

Effect Of Glycyrrhizic Acid On 11 Β 
-Hydroxysteroid Dehydrogenase Enzyme In 
Adrenal Insufficiency Female Rats
The outcome revealed that the mean value of 11 β -Hy-
droxysteroid Dehydrogenase enzyme has decreased signif-
icantly (p˂0.05) in G2 compared with the control and G5 
groups. The effect of daily administration of glycyrrhizic 
acid indicates a significant rise (p˂0.05) in the G3 and 
G4 groups compared with the G2 group and no statistical 
differences between the G3 group and the control (Table 
2). Also, there was a significant increase in the G5 group 
treated with GA only compared to the control (Figure 2).

Table 2: Effect of Glycyrrhizic Acid on 11 β -Hydroxysteroid 
Dehydrogenase Enzyme in Adrenal Insufficiency Female 
Rats

  Parameter/Group 11 β-HSD (ng/ml)
Control Negative(G1) 0.423 ±0.06     c
Control Positive(G2) 0.141 ±0.04    d
Therapeutic       (G3) 0.555 ±0.19    b c
Protective           (G4) 0.706 ±0.14    b
Glycyrrhizic Acid(G5) 1.316 ±0.29    a

Values = mean ± SD., n = 10/group. Small letters = difference 
across groups P<0.05. Control   group: received normal 
saline, Control Positive: hydrocortisone, Therapeutic: received 
hydrocortisone for 7 days then treated with Glycyrrhizic acid 
for 14 days, Protective: received hydrocortisone for 7days 
then Glycyrrhizic acid for14 days, Glycyrrhizic Acid: received 
Glycyrrhizic acid for 21days.

Effect Of Glycyrrhizic Acid On Mda 
Concentration In Adrenal Insufficiency 
Female Rats.
T﻿he results in Table (3) displayed that there was a signif-
icant increase(P≤0.05) in serum MDA concentrations in 
the adrenal insufficiency group (G2) compared to the con-
trol, G3, G4, and G5 groups. On the other hand, there 
were no significant differences G3 and G4 groups after be-
ing treated with glycyrrhizic acid compared to the control.

Figure 2: Effect of Glycyrrhizic Acid on 11 β 
-Hydroxysteroid Dehydrogenase Enzyme in Adrenal 
Insufficiency Female Rats. Control negative: received 
normal saline, control positive: hydrocortisone, 
Therapeutic: received hydrocortisone then Glycyrrhizic 
acid, Protective: received hydrocortisone with Glycyrrhizic 
acid, Glycyrrhizic Acid: Glycyrrhizic acid only.

Table (3): Effect of Glycyrrhizic Acid on MDA, 
concentration in Adrenal Insufficiency Female Rats.
Parameter/Group MDA (nmol/L)
Control Negative 0.182 ±0 .04 b
Control Positive 3.58 ±0.718   a
Therapeutic 0.68 ± 0.17    b
Protective 0.39 ±0.09     b
Glycyrrhizic Acid 0.186 ±0.04   b

Values = mean ± SD., n = 10/group. Small letters = difference 
across groups P<0.05. Control group: received normal saline, 
Control Positive: hydrocortisone, Therapeutic: received 
hydrocortisone for 7 days then treated with Glycyrrhizic acid 
for 14 days, Protective: received hydrocortisone for 7days 
then Glycyrrhizic acid for14 days, Glycyrrhizic Acid: received 
Glycyrrhizic acid for 21days.
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Figure 3: Effect of Glycyrrhizic Acid on MDA, 
concentration in Adrenal Insufficiency Female Rats. 
Control negative: received normal saline, control positive: 
hydrocortisone, Therapeutic: received hydrocortisone then 
Glycyrrhizic acid, Protective: received hydrocortisone with 
Glycyrrhizic acid, Glycyrrhizic Acid: Glycyrrhizic acid 
only.

DISCUSSION

Glucocorticoids induced adrenal insufficiency is one of the 
established models of drug-induced adrenal failure. Ani-
mal models are often used to understand the pathophysiol-
ogy of AI and to test pharmacological therapy. In our study 
hydrocortisone injection for 7 days causes a significant de-
crease in the serum concentration of cortisol, ACTH and 
CRH. A similar finding from Leonie et al. (2015) demon-
strated that exogenous hydrocortisone induces a negative 
impact on the hypothalamus and pituitary gland, resulting 
in a reduction of CRH and ACTH with the association of 
decreased cortisol production. Also, Téblick et al. (2022) 
found that in a sepsis mouse model, the plasma ACTH was 
suppressed after the administration of hydrocortisone. The 
pathophysiology of glucocorticoids is multifactorial, and 
it probably works through suppressed CRH, central no-
radrenergic and dopaminergic system, decrease in pro-opi-
omelanocortin related peptides due to chronic suppression 
of HPA axis, and increase in cytokines, and prostaglandins 
(Kao et al., 2010) and (Rensen et al., 2017). The adminis-
tration of glycyrrhizic acid to groups treated with hydro-
cortisone a significant increase in corticosterone, ACTH 
and CRH levels and overcome the decreased levels that 
happened in the adrenal insufficiency group. Our findings 
support the earlier investigation (Lin et al., 2012) which 
demonstrated a higher concentration of cortisol levels in 
the male rats group treated with glycyrrhetinic acid than 
those of the adrenal insufficiency group. The authors sup-
posed these criteria contributed to the inhibitory effect on 
11β-hydroxysteroid dehydrogenase (11β-HSD).

From the results, the glycyrrhizic acid treated groups were 
an increase in the the11β-HSD concentration than the 
group injected with hydrocortisone only. The conversion 

of cortisol to cortisone and corticosterone to 11-dehydro-
corticosterone by the enzyme 11-hydroxysteroid dehydro-
genase (11-HSD) is crucial for controlling the transcrip-
tional activity of the glucocorticoid and mineralocorticoid 
receptors. The ideal Inhibition of 11-HSD by glycyrrhetin-
ic acid metabolites, bioactive components of licorice is 
endogenous steroidal substances acting as glycyrrhetinic 
acid-like factors that block 11-HSD dehydrogenase and 
enable glucocorticoid-induced MR and GR activation.  
Some GALFs, such as those that compete with cortisol 
and corticosterone dehydrogenation and the correspond-
ing 11- and 7-oxo-derivatives that compete with cortisone 
and 11-dehydrocorticosterone oxoreduction, may act as 
competitive substrates, whereas others only function as 
inhibitors (Ramli et al., 2013, David et al., 2021). More-
over, glycyrrhetinic acid blocks the conversion of cortisol 
to inactive cortisone by suppressing 11β-hydroxysteroid 
dehydrogenase (Kim and Kim, 2016). Certain studies 
presented the selective inhibition of glycyrrhizic acid as 
it was found that 18α-GA preferentially selectively sup-
presses 11β-HSD-1, while 18β-GA preferentially inhibits 
11β-HSD-2 (Ni et al., 2022). 

Lipid peroxidation is caused by free radicals within an 
organism. One of the by-products of the peroxidation of 
polyunsaturated fatty acids in cells is Malondialdehyde. A 
rise in free radicals causes excessive production of MDA. 
So commonly malondialdehyde level is utilized as a bio-
marker for oxidative stress and the presence of antioxidants 
(Tyagi, et al., 2015, AL-Mousawi, 2021). From the results, 
of glucocorticoid injection, adrenal oxidative stress was 
proved by increased measuring MDA significantly. The 
glucocorticoids promote the production of free radicals 
such as relative oxygen species (ROS), which cause adrenal 
injury by oxidizing cell membrane lipids, denaturing pro-
teins, and damaging DNA (Hasan and AL-Saeed, 2018). 
While. Treatment with GA attenuated the glucocorti-
coid-induced oxidative damage by reducing MDA levels. 
This could be explained by the ability of GA to modify 
certain enzymes involved in oxidative stress, inflammation, 
and the suppression of some pro-inflammatory cytokines, 
protecting cells from damage caused by ROS or inflam-
mation. (Harikrishnan et al., 2021). The result agrees with 
(Gao et al., 2015, Xu et al., 2018; Yang et al., 2017) who re-
ported that GA reduced serum levels of malondialdehyde 
(MDA) in rats. Additionally, many studies link the anti-
oxidant property of GA with its anti-inflammatory action. 
In the model of lipopolysaccharide-stimulated microglial 
cells, it has been demonstrated that glycyrrhizin suppresses 
the generation of NO and inflammatory cytokines togeth-
er with other elements of licorice extract (Fu et al., 2013; 
Yu et al., 2015). 
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CONCLUSIONS

From our result, we can conclude that Glycyrrhizic Acid 
has a beneficial effect in the treatment and protection of 
hormonal, biochemical and oxidation alterations in adre-
nal insufficiency rats induced by glucocorticoid.
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