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 The study aimed to evaluate the antihypertensive effect of Marchin-13 traditional 
prescription (M13T) in the dexamethasone-induced model of hypertension. Quercetin, a 
biologically active substance contained in M13T, was identified by HPLC analysis. Forty rats 
were randomly assigned to five different groups. The experimental groups induced hypertension 
models by dexamethasone (20 mcg/kg/day). Blood pressure was assessed in the tail with a 
Neurobotic Systole 1.2 instrument on days 5, 8, 13, and 15. The serum levels of renin, ANGII, 
aldosterone, and AT1R were measured in all groups by ELISA. Our research determined that the 
quercetin content in M13T is 0.255 mg/g. In the dexamethasone-induced hypertension model, 
M13T significantly reduced SBP, DBP, and MAP on days 8, 13, and 15 (p < 0.01). Moreover, the 
renin, ANGII, AT1R, and aldosterone levels were significantly reduced in the captopril and 
M13T groups compared to the DEX group  (p < 0.01). As a result of our study, M13T has an 
antihypertensive effect by reducing serum renin, angiotensin II, AT1R, and aldosterone levels 
in hypertensive rats induced by dexamethasone.
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Hypertension raises the risk of stroke, kidney 
damage, and death, and 54% of adults worldwide 
have hypertension1. Key factors contributing 
to the pathogenesis of hypertension include the 
sympathetic nervous system, oxidative stress, the 
renin-angiotensin-aldosterone system (RAAS), 
and various hormonal activities2. In our country, a 
total of 1,398 cases of hypertension were recorded 
among patients who utilized traditional medicine 
services from 2021 to 2023. Of these cases, 65% 
of people with hypertension in 2021, 80% in 2022, 
and 90% in 2023 are hospitalized in Ulaanbaatar, 
and the number is expected to increase every year3. 

Mongolian traditional medicine, which has a 
history of 5,000 years, has used many herbal 
prescriptions to lower blood pressure. One of 
them is the Marchin-13 traditional prescription 
(M13T). The Jigmeddanzanjamts “Uzegsdiin 
Baysgalan” scripture prescribes using M13T 
to treat “wind and blood ascending disorder,” 
corresponding to arterial hypertension4. M13T 
is a traditional prescription composed of 13 
medicinal plants5. Research has indicated that 
Sambucus manshurica L, Carthamus tinctorius 
L, T. asiaticus L., Gardenia jasminoides J, 
Quercus robur L, Inula helenium L, Rubia 
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cordifolia L, and Arnebia guttata Bunge exhibit 
anti-hypertensive, antioxidant, anti-inflammatory, 
antidepressant, antidiabetic, and cardioprotective 
effects6-13. Zingiber officinale Roscoe acts as a 
calcium channel blocker and regulates vascular 
impairment and NO synthesis14. Terminalia 
bellirica Roxb has anti-hypertensive effects and 
acts as a calcium antagonist15, while Terminalia 
chebula Retz exhibits anti-hypertensive and 
ACE-inhibitor activities16. In Traditional Chinese 
Medicine formula, many herbal drugs inhibit the 
RAS. For instance, Qingxuanjiangya decoction 
and Qingxin capsule can inhibit the activity of the 
RAS. Also, Xiaxi traditional medicine has been 
demonstrated to decrease AT1R17. The utilization 
of herbal medicines within the healthcare sector of 
developing countries is on the rise18,19. 
 To prove the traditional indications for 
M13T, widely used in conventional medicine to 
reduce blood pressure, it is necessary to study the 
antihypertensive effect of several hypertension 
models in experimental animals. As a result of our 
previous experimental study, M13T increased nitric 
oxide and inhibited the angiotensin-converting 
enzyme in the hypertension model induced by 
L-NAME. 
 In the current study, we aimed to 
investigate the antihypertensive effect of M13T 
in the dexamethasone-induced hypertension 
model in rats. Dexamethasone (DEX), which is 
a type of synthetic glucocorticoid, is commonly 
utilized to induce hypertension in experimental 
animal models20. Several factors contribute to 
dexamethasone-induced hypertension, including 
changes in plasma volume, activation of the RAAS, 
increased sympathetic activity, and changes in 
vasodepressor systems21. 
 To scientifically validate traditional 
medicine’s effects, it is essential to associate them 
with its primary active ingredients. Therefore, our 
research focuses on determining the quantitative 
content of the biologically active substance 
quercetin in M13T using HPLC and investigating 
its anti-hypertensive effects.

Materials and Methods

Materials
 The M13T (serial No: 951017) was 
obtained from the traditional pharmacy at ITMT 

in Mongolia. Quercetin standards were obtained 
from Sigma Aldrich in the USA. Dexamethasone 
(4 mg/1 mL) was acquired from A72330 – KRKA 
d.d. Novo Mesto (Budapest, Hungary). Rat renin, 
angiotensin II, AT1R, and aldosterone ELISA kits 
were obtained from Shanghai MLBio Co. in China. 
Captopril (batch No: 10722A), manufactured 
by Sopharma in Bulgaria, was obtained from a 
pharmacy located in Ulaanbaatar.
laboratory animal 
 The experiment used 50 relatively healthy 
Wistar rats weighing 220 - 260 g, acquired from 
the Vivar of ITMT in Mongolia. During the 
experiment, animals had continuous access to food 
and water while the temperature was maintained at 
20 ± 2°C with a regulated 12-hour light/dark cycle.
ethics statement
 We received permission to begin the 
study from the Biomedical Ethics Committee of 
MNUMS, Mongolia (Approval No. 2021/3-06). 
HPLC identification of Quercetin
 Reference solution: Weigh a specific 
amount of quercetin and dissolve it in methanol 
to create a solution with a concentration of 100 ìg 
per mL.
 Sample solution: Weigh 1 gram of M13T, 
add 25 ml of methanol, extract using ultrasonic for 
60 min, and filtrate.
 Chromatographic system: The liquid 
chromatography setup includes a UV wavelength 
of 360 nm, with an Alltima C18 column (5 ìm, 
4.6×250 mm). The flow rate is maintained at 0.7 
mL/min, and the mobile phase consists of methanol 
and 0.1% phosphoric acid in a 65:35 ratio22.
 Procedure: Precisely inject 20 ìL of the 
CRS and sample solutions into the chromatography 
apparatus and calculate the content accordingly.
Pharmacology methods
 A dexamethasone-induced hypertensive 
model in rats was developed following the method 
described by Dignesh Patel23 and Sharon Leng24. 
Forty rats were randomly assigned to five different 
groups:
1. Group I received a vehicle for 15 days. 
2. Group II received dexamethasone 
injections (20 mcg/kg/day, subcutaneous injection 
(s.c.))  from day 5 to 15
3. Group III received dexamethasone 
injections (20 mcg/kg/day, s.c.) from day 5 to 
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15 and captopril (40 mg/kg/day25, given orally) for 
15 days. 
4. Group IV received dexamethasone 
injections (20 mcg/kg/day, s.c.) from day 5 to 15 
and M13T (90 mg/kg/day, given orally) for 15 days.
5. Group V received dexamethasone 
injections (20 mcg/kg/day, s.c.) from day 5 to 15 
and M13T (180 mg/kg/day, given orally) for 15 
days; each group contains eight rats.
 During the experiment, rats were given 
daily doses of captopril (40 mg/kg20) and M13T 
(90 mg/kg or 180 mg/kg) via gavage between 
15:00 to 16:00 for 15 consecutive days (days 1–15). 
Additionally, from days 5 to 15, dexamethasone 
was administered by s.c. Injection daily between 
1500 and 1600 hours. Blood pressure was assessed 
in the tail with a Neurobotic Systole 1.2 instrument 
on days 5, 8, 13, and 15. 
Blood pressure measurement method
 SBP and DBP were measured between 
9:00 and 11:00 am using a tail-cuff device for 
rats (Neurobotics, Model 124498, Moscow, 
Zelenograd)24. Rats were warmed on a Phlogiston 
platform to 28–32°C for 10–15 minutes before 
measuring their blood pressure to enhance 
circulation26. Main Arterial Pressure = DP + 1/3(SP 
– DP)27

Enzyme-linked immune sorbent assay (ELISA)
 Blood samples were gathered from 
the experimental animals after 15 days. The 
serum levels of renin, ANGII, aldosterone, and 
AT1R were measured using assay kits sourced from 
Shanghai MLBIO Biotechnology, China. These 
samples were analyzed using a ChroMate-4300 
microplate reader from the USA. 
statistical analysis
 Statistical analysis involved calculating 
the mean ± SD for each group’s recorded values. 
GraphPad Prism 8 software was used for the 
analyses. The Kruskal-Wallis test, a nonparametric 
approach, was applied for statistical comparisons, 
with significance defined at p<0.05.

results

Chemical study
 The retention time of the standard 
substance of quercetin was 6.47 minutes, and 
the results of preparing a standard solution with 

a concentration of 12.5-100 ìg/ml are shown in 
the picture. The equation curve for the standard 
substance of quercetin was Y = 17987x – 53917, 
R2=0.9961 (Figure 1). 
 The retention time of M13T quercetin 
is 6.31 minutes, which agrees with the standard 
substance above (Figure 2). The retention time 
of the quercetin content of M13T compared to 
the standard substance was consistent, and the 
quercetin content was 0.255±0.007 mg/g.
Results of pharmacological research
Effect of M13T on body weight in hypertensive 
rats
 The table shows a significant reduction 
in body weight across all groups induced with 
DEX. Additionally, the treated groups exhibited 
no significant differences from the DEX group. 
However, by day 15, body weight in the DEX group 
was significantly decreased compared to the control 
group (p < 0.01).
An antihypertensive effect of M13T on DEX-
induced hypertension
 We recorded the results and measured the 
SBP and DBP in the rat’s tail.
 Table 2 indicates that in the DEX group, 
the SBP of rats increased by 1.5 times on days 5, 
8, 13, and 15 than the control group (p<0.01). In 
contrast, the captopril group in SBP decreased by 
14.6% (p<0.05) starting on day 8, 33.9% on day 
13, and 30.6% on day 15 (p<0.01). M13T group 
receiving a dosage of 90 mg/kg experienced a 
reduction in SBP of 28.3% (p < 0.05) on day 8, 
31.3% on day 13, and 33.2% on day 15 (p < 0.01). 
The group receiving 180 mg/kg of M13T showed 
a SBP decrease of 23.6% on day 8, 33.9% on day 
13, and 38.3% on day 15 (p < 0.01).
 Table 3 indicates that  DBP was 
significantly augmented in the DEX group than 
in the control group (p<0.01). The Captopril and 
M13T-treated groups showed a considerably lower 
SBP than the DEX group (p<0.01).
 In the DEX-induced arterial hypertension, 
the MAP of rats in the DEX group was significantly 
higher than that of the control group, approximately 
1.5 times greater on days 5, 8, 13, and 15 (p < 
0.01). In the captopril group, the MAP decreased 
by 35.9% on day 13 and 29.6% on day 15 (p < 
0.01). Furthermore, in the M13T 90 mg/kg group, 
the MAP was reduced by 33.5% on day 5, 34.2% 
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Fig. 1. HPLC of the standard substance quercetin (A) and calibration curve (B)

on day 8, and 29.7% on days 13 and 15 (p < 0.01). 
In the M13T 180 mg/kg group, the MAP decreased 
by 25.6% on day 5, 24.3% on day 8, 32.3% on day 
13, and 43.2% on day 15 (p < 0.01) (Table 4). 
Effect of M13T on renin, angiotensin II, AT1R, 
and aldosterone in hypertensive rats
 We measured the serum levels of renin, 
angiotensin II, angiotensin 1 receptor (AT1R), 

and aldosterone by ELISA in DEX-induced 
hypertension. 
 The serum renin level in the DEX group 
indicated a 37.1% increase compared to the control 
group (p < 0.05). Additionally, angiotensin II levels 
in the DEX group significantly increased by 39.7% 
(p < 0.05). This indicates a pathological profile that 
is associated with an increase in blood pressure. In 
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Fig. 2. High-performance liquid chromatograms. 
Red. Chromatogram of Standard solution, Blue. Chromatogram of M13T. Peaks: Quercetin

contrast, serum renin levels decreased by 36.4% in 
the captopril group and 46.6% in the M13T 90 mg/
kg, 180 mg/kg groups, with a significant effect (p < 
0.05). Likewise, serum angiotensin II levels were 
reduced by 46.4% in the captopril group, 47.2% in 
the M13T 90 mg/kg group, and 51.0% in the M13T 
180 mg/kg group showing significant results (p < 
0.05).
 As illustrated in the figure above, the 
serum AT1R level in the DEX group reflected 
a 61.5% increase relative to the control group’s 
(p < 0.01). Furthermore, the aldosterone level in 
the DEX group rose significantly by 28.9%, as 

Table 1. Body weight of experimental rats

Time points Control (g) DEX (g) Captopril M13T M13T1
   40mg/kg (g) 90mg/kg (g) 80mg/kg (g)

0 day 217.1 ± 12.9 226.1 ± 16.0 220.2 ± 10.3 229.6 ± 15.5 239.8 ± 18.2
5th day 220.3 ± 12.0 221.8 ± 17.3 219.8 ± 10.8 221.5 ± 17.8 234.2 ± 14.9
8th day 228.8 ± 10.1 216.8 ± 24.6 218.3 ± 11.6 220.5 ± 23.3 231.6 ± 16.5
13th day 234.3 ± 20.1 213.5 ± 10.8 216.1 ± 18.5 219.5 ± 24.8 230.7 ± 18.3
15th day 244.0 ± 21.5 208.8 ± 17.4# 217.7 ± 9.9 216.6 ± 22.1 224.0 ± 19.2

The data are shown as mean ± SD, n = 8. Statistical significance follows: #p < 0.01 for the DEX-group 
vs. control group 

opposed to the control group’s (p < 0.05). These 
findings suggest a pathological profile associated 
with increased blood pressure. In contrast, serum 
AT1R levels decreased significantly in the captopril 
group, showing a reduction of 55.6%, and in the 
M13T 90 mg/kg group, which experienced a 65.8% 
decrease. The M13T 180 mg/kg group also saw 
a 51.0% reduction, with all changes statistically 
significant (p < 0.01). Similarly, serum aldosterone 
levels were reduced by 31.7% in the captopril 
group, by 33.4% in the M13T 90 mg/kg group, 
and by 29.1% in the M13T 180 mg/kg group, all 
showing significant results (p < 0.01).
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Table 3. The effect of M13T on diastolic blood pressure

Time  Control DEX Captopril M13T M13T1
point (mm Hg) (mm Hg) 40mg/kg 90mg/kg 80mg/kg
   (mm Hg) (mm Hg) (mm Hg)

5th day 64.2 ± 12.3 102.0 ± 17.0# 99.4 ± 20.8 64.4 ± 17.4* 68.8 ± 20.0*
8th day 73.6 ± 19.0 120.0 ± 14.9## 94.6 ± 25.7# 74.6 ± 22.4** 90.4 ± 12.7**
13th day 74.4 ± 18.2 120.6 ± 13.8## 75.6 ± 4.61** 86.0 ± 21.8** 83.0 ± 19.5**
15th day 73.6 ± 14.4 141.0 ± 21.2## 100.0 ± 16.2** 92.0 ± 19.6** 75.6 ± 16.5**

The data are presented as mean ± SD, n = 8. Statistical significance follows: #p<0.05, ##p<0.01 for the DEX 
group vs. control group; *p<0.05, **p<0.01 for Captopril 40 mg/kg, M13T 90 mg/kg, and M13T 180 mg/kg vs. 
DEX-group.

table 4. The effect of M13T on mean arterial pressure

Time  Control DEX Captopril M13T  M13T 
point (mm Hg) (mm Hg) 40mg/kg 90mg/kg 180mg/kg
   (mm Hg) (mm Hg) (mm Hg)

5th day 72.0 ± 13.7 109.4 ± 14.0# 107.6 ± 17.6 72.8 ± 17.7* 81.5 ± 20.7*
8th day 80.9 ± 17.8 129.5 ± 11.5## 105.3 ± 22.1* 85.2 ± 20.3** 98.0 ± 14.4*
13th day 84.8 ± 20.0 133.9 ± 13.8## 85.7 ± 3.45** 94.0 ± 22.5** 90.6 ± 18.6**
15th day 87.2 ± 14.8 154.0 ± 20.8## 108.3 ± 17.6** 101.4 ± 12.5** 87.4 ± 12.8**

The data are presented as mean ± SD, n = 8. Statistical significance follows: #p < 0.05, ##p < 0.01 for the 
DEX group vs. control group; *p < 0.05, **p < 0.01 for Captopril 40 mg/kg, M13T 90 mg/kg, and M13T 
180 mg/kg vs. DEX group.

table 2. The effect of the M13T on systolic blood pressure

Time  Control DEX Captopril  M13T M13T1
point (mm Hg) (mm Hg) 40mg/kg 90mg/kg 80mg/kg
   (mm Hg) (mm Hg) (mm Hg)

5th day 87.8 ± 18.3 124.2 ± 9.36# 124.0 ± 12.2 89.6 ± 20.4 107.0 ± 23.3
8th day 95.6 ± 16.1 148.6 ± 5.55## 126.8 ± 16.9* 106.4 ± 17.1* 113.4 ± 18.2*
13th day 105.6 ± 24.9 160.6 ± 14.4## 106.0 ± 7.58** 110.2 ± 25.7** 106.0 ± 17.2**
15th day 114.4 ± 18.7 180.2 ± 22.2## 125.0 ± 22.1** 120.2 ± 8.70** 111.0 ± 6.78**

The data are shown as mean ± SD, n = 8. Statistical significance follows #p<0.05, ##p<0.01 for the DEX group 
vs. control group; *p<0.05, **p<0.01 for Captopril (40 mg/kg), M13T (90 mg/kg), and (M13T 180 mg/kg) 
vs. DEX group.

discussion
 
 This is the second study to examine 
the antihypertensive effects of M13T, and this 
time, we examined the antihypertensive effect in 
a dexamethasone-induced hypertension model. 
Following the methodology of Dignesh Patel 
and Sharon Leng, we evaluated M13T on blood 
pressure, serum renin, angiotensin-II, AT1R, and 
aldosterone levels.

 Dexamethasone, a commonly used 
synthetic glucocorticoid, is known to elevate 
arterial hypertension in experimental animal 
models and humans20. Several studies have 
indicated that dexamethasone interacts with 
nitric oxide (NO) produced by the vascular 
endothelium critical vasodilator. This interaction 
disrupts the NO-redox balance and decreases 
NO bioavailability, which may affect the onset of 
hypertension28-30. Therefore, dexamethasone causes 
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Fig. 3. Serum Renin and Angiotensin-II levels in rats with DEX-induced hypertension
The data are shown as mean ± SD, n = 8. Statistical significance follows #p<0.05 for the DEX-group vs. control 
group; **p<0.01 for Captopril 40 mg/kg, M13T 90mg/kg, and M13T 180mg/kg vs. DEX-group.

Fig. 4. Serum AT1R and aldosterone levels in DEX-induced hypertension
The data are presented as mean ± SD, n = 8. Statistical significance follows: #p<0.05 for the DEX-group vs. control 
group; **p<0.01 for Captopril 40mg/kg, M13T 90mg/kg, and M13T 180mg/kg vs. DEX-group.

vasoconstriction by reducing NO levels31. Another 
possible explanation is that dexamethasone 
increases angiotensin-converting enzyme (ACE) 
levels32. Our previous study revealed that in 
L-NAME-induced hypertension, M13T (90 mg/kg) 
effectively restored suppressed NO production and 
lowered blood pressure by promoting vasodilation. 
Additionally, M13T (90 mg/kg) was identified to 
decrease angiotensin-converting enzyme activity5.
 In the present study, serum renin, 
angiotensin II, AT1R, and aldosterone levels were 
significantly elevated in the context of DEX-induced 
hypertension. This finding is consistent with Hu Bi 

Si’s (2022) study33.  In DEX-induced hypertension, 
renin activates ACE, resulting in the conversion 
of angiotensinogen into angiotensin-I and II, 
which subsequently increases aldosterone release. 
This results in elevated blood pressure through 
peripheral vasoconstriction and enhanced sodium 
reabsorption34. Aldosterone is a mineralocorticoid 
hormone important for controlling sodium and 
potassium levels in the kidneys, regulating blood 
pressure, and maintaining electrolyte balance35,36. 
In DEX-induced hypertension, the M13T (90 and 
180 mg/kg) group significantly decreased serum 
renin, angiotensin II, AT1R, and aldosterone 
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levels. By reducing the release of renin, AT1R, 
angiotensin-II, and aldosterone, M13T decreases 
sodium reabsorption in the renal pelvis, increases 
urine output, and lowers blood pressure. 
 The raw materials contained in M13T 
contain biologically active substances such as gallic 
acid, hydroxysafflower yellow A45, gingerol38, 
alantolactone, kaempferol, quercetin, hyperoside, 
isoquercetin, and rutin39,46. This antihypertensive 
effect may be ascribed to the biologically active 
compound quercetin in M13T. The primary 
components of M13T include Carthamus tinctorius 
L, Sambucus manshurica L, Quercus robur L, 
Zingiber officinale Roscoe, Pyrola incarnata, 
Terminalia bellirica Roxb, and Inula helenium L. 
These plants are rich in flavonol-O-glycosides, such 
as hyperoside and isoquercetin, and flavonoids, 
including kaempferol and quercetin37-46. Quercetin 
was identified in the M13T sample using the 
HPLC method, which recorded a retention time 
of 6.31 minutes. Our research determined that 
the quercetin content in M13T is 0.255 mg/g. 
Recent research has determined that quercetin 
has various effects, including anti-inflammatory, 
anti-hypertensive, hypoglycemic, neuroprotective, 
anti-cancer, anti-aging, and immune-enhancing 
properties47-49. Pereira’s study discovered that 
quercetin enhances vascular remodeling and 
reduces endothelial oxidative stress, decreasing 
SBP50. Similarly, Mackraj’s research found that 
quercetin improves urine output and lowers 
blood pressure by promoting sodium excretion 
in hypertension driven by the renin-angiotensin-
aldosterone system (RAAS)51. Quercetin possesses 
considerable therapeutic potential in cardiovascular 
diseases, demonstrated through its antioxidant 
effects, myocardial fibrosis reduction, vascular 
endothelium protection, anti-arrhythmic and anti-
heart failure properties, and ability to decrease 
blood pressure52.
 A limitation of the study is that HPLC 
determined the biologically active substance 
quercetin and only one model of hypertension 
was used. Our future research should focus on 
isolating the biologically active compounds in 
Marchin-13 traditional prescription, conducting 
detailed chemical analyses using GC-MS, and 
investigating its cardioprotective effects through 
pharmacological studies.

conclusion

 More chemical and pharmacological 
research is needed on M13T, a formulation 
used in traditional Mongolian medicine for 
hypertension. This study found that M13T exerts 
antihypertensive effects by reducing serum levels 
of renin, angiotensin II, AT1 receptor (AT1R), 
and aldosterone. These effects are linked to the 
biologically active compounds present in M13T, 
specifically quercetin and gallic acid. To further 
understand the efficacy and safety of M13T, we will 
conduct a detailed chemical analysis to identify its 
components and concentrations. Additionally, an 
in-depth pharmacological investigation will assess 
its mechanisms of action, potential therapeutic 
benefits, and any side effects. This research aims to 
scientifically validate the traditional usage of M13T 
and contribute to the growing body of knowledge 
regarding herbal medicines in hypertension 
treatment.
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