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ABSTRACT

Background - During the past three decades the number of deaths due to CVDs has increased from 15.2% to 28.1% in India.
There are many dietary and lifestyle factors are responsible for this rise. In ancient Indian medical science, Ayurveda, it is
mentioned that psychological causes like Chinta (worry), Bhaya (Fear/ Anxiety), manasik trass (mental tension) are responsible
for heart disease. There is sharp increase in cases of anxiety and depression due to change lifestyle in present era. The present
study is a part of broader study which evaluated the role of anxiety as a factor in the development of heart disease.
Concomitantly the role of psychological factor Bhaya (Anxiety) in the development of liver disease was also evaluated.
Aims And Objectives — To evaluate the role of Ayurvedic psychological factor such as Bhaya (Anxiety) in the development
of liver disease.

Material & Methods - Chronic unpredictable mild stress (CUMS) is the most elegant model for evaluation of anxiety in the
rats as this model possesses construct, predictive and face validity in rats. Hence, this model is used in the present study. In
CUMS process, animals were subjected chronically and unpredictably to a variety of low-grade stressors which resembles to
those associated with anxiety-like symptoms in humans and also cause cognition impairment.

Liver biochemical parameters like SGOT, SGPT, Albumin, Bilirubin, are measured to know the effect of stressors on liver
health. And accordingly, they are evaluated in both normal and disease control rats. Liver biopsy was also done at the end of
the study for further evaluation.

Observation - It is observed that CUMS had generated the anxiety in rats with no significant change in liver biochemical
parameters.

Result & Conclusion — Anxiety did not cause any significant effect on the function of the liver in experimental rats of the
present study.
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INTRODUCTION

Mental stress is the complex negative cognitive and
emotional body response to external environmental
stressors that exceed an individual’s ability to cope with
these demands. [

Hence, the measurement, standardisation, and
reproducibility of the mental stressors on one particular
scale is difficult. Several stressors may be used for the
study. Stressors may be perceived or real threats to an
individual, which are evaluated by the brain according to
previous experience and current life. Accordingly, there
may be an alteration in his or her physiological
homeostasis [/ 3114

The brain activates physiologic hemodynamic,
neuroendocrine, and immune changes through the
autonomic nervous system (ANS) and the hypothalamic—
pituitary—adrenal (HPA) axis in response to the mental
stress. The physiological changes induced by stress
prepare the individual for fight or flight. Hence, the risk of
a cardiovascular event induced by mental stress depends
on a combination of external challenge and an individual’s
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ability to deal with the stress, based on genetics and early
and adult life experiences. 1]

There are several research studies, as mentioned in the
review of literature, which have proved that mental stress
has affected liver health in various ways. Chronic
unpredictable mild stress (CUMS) is the most elegant
model for evaluation of anxiety, as this model possesses
construct, predictive and face validity in rats. In CUMS
process, animals were subjected chronically and
unpredictably to a variety of low-grade stressors which
resembles to those associated with anxiety-like symptoms
in humans and also cause cognitive impairment. [’

CUMS protocol was performed in a separate room, but the
normal animal was left unchallenged. During the 7 weeks,
animals were submitted to 6 different stressors: tilted cage
(45°), food and water deprivation, restricted access to
food, exposure to empty bottle, 24 h wet cage (200ml of
water in 100g of sawdust bedding), continuous
illumination. These stressors are randomly scheduled over
a week period and are repeated to maintain the aspect of
unpredictability. Liver biochemical parameters like
bilirubin, SGOPT, SGPT, Proteins were measured to know
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the effect of stressors on liver health. Liver biopsy was also
done at the end of the study.

REVIEW OF LITERATURE

2.1 Stress and Alteration In Physiology

As per the study conducted by Irich-Lai & Herman in 2009,
Stress leads to alteration in homeostatic response. [*!

As per the study conducted by Cohen, Janicki-Deverts, &
Miller in 2007, stress negatively affect the cardiovascular,
psychiatric, endocrine, and cancerous disorders. 11101

As per the study conducted by Koolhaas et.al; in the year
2011, during stress, unpredictable and uncontrollable
environmental threats pose a challenge to the natural
defensive regulatory mechanism of the body. !

As per the study conducted by Goldstein & Kopin, in 2007,
stress creates pathology through the involvement of
multiple systems; particularly the sympathetic nervous and
adrenocortical system. [1?!

2.2 Stress and Liver Pathology

As per the study conducted by Racanelli & Rehermann in
the year 2006, liver receives digested food, microbial
products, damaged cells and toxic metabolites through
portal vein which can induce high immune response in
liver. [3)

As per the study conducted by Liu, Wang, & Jiang, in the
year 2017, stress can alter the immune tolerance process
exhibited by the liver. 4]

As per the study conducted by Kunkel et al., in the year
2000 and Nagano, Nagase et.al, in 2004, stress worsens the
clinical symptoms and alters the hepatic biochemistry in
patients with chronic viral B and C type of hepatitis. [!31 [16]
As per the study conducted by Fukudo, Suzuki et.al., in
1989, stress worsens the alcoholic hepatitis. I'7)

As per the study conducted by Elwing et.al., in 2006, stress
worsens the nonalcoholic steatohepatitis. ['*]

And as per the study conducted by Srivastava & Boyer, in
2010, stress also affects the autoimmune hepatitis. ]

In the animal study conducted by Chida, Sudo, Motomura,
& Kubo, in the year 2004; stress was found as the direct
causes of liver injury. 2%

Contributing factors to liver injury under stress conditions
can be studied under the following headings.

2.3 Hypoxia-reoxygenation

Stress causes reduction in hepatic blood flow, which is
mediated by the hypothalamus—adrenal medulla—
epinephrine axis. 2]

Hypoxia in hepatic tissue leads to the production of
reactive oxygen species (ROS), in the hepatic cell
mitochondria, causing endoplasmic reticulum stress and
necrosis of hepatic cells. [221123]

2.4 Over-activation of Kupffer cells and oxidative stress

Reperfusion of the blood flow, activates Kupffer cells and
endothelial cells to produce ROS and to secrete various
inflammatory cytokines. 2411251

Oxidative stress also leads to the over-production of
proinflammatory  cytokines  which activates the
inflammatory cells such as neutrophils, monocytes, and
lymphocytes. These activated inflammatory cells produce
more reactive oxygen species causing oxidative stress and
hepatic necrosis. ¢

2.5 Influx of gut-derived LPS and norepinephrine
Psychological stress decreases intestinal blood flow by the
release of stress hormones, called neuropeptide Y,
mediated by the combined effect of sympathetic activation
and parasympathetic suppression. 27

The reduction and reperfusion of blood flow in the gut
leads to the secretion of high levels of norepinephrine in
the gut that enters the liver. (2%

Norepinephrine in the liver can induce Kupffer cells to
secrete the inflammatory cytokine TNF-a, leading to
hepatic necrosis. !

Under stress conditions, factors like hypothalamus-
secreted CRF, neuron-released acetylcholine and
glucocorticoids from the adrenal cortex increase the
permeability of the intestinal canal and make the portal
vein prone to an influx of LPS or other antigens. (301 311(32]

2.6 Over-production of stress hormones and activation
of the sympathetic nerve

Animal study showed that administration norepinephrine
led to increase the production of two proinflammatory
cytokines, TNF-a and IL-6, by Kupffer cells and
hepatocytes. 3!

As per the animal study conducted by Nair & Bonneau, in
the year 2006, stress leads to the activation of
hypothalamus, pituitary and adrenal axis causing release of
stress hormones like glucocorticoids. 4

RESEARCH QUESTION
Whether Ayurvedokta Bhaya (Anxiety) acts as an
aetiological factor for development of liver disease

HYPOTHESIS

NULL HYPOTHESIS (H1)

Bhaya (Anxiety) acts as an aetiological factor for
development of liver disease

ALTERNATE HYPOTHESIS (H0)
Bhaya (Anxiety) does not acts as an aetiological factor for
development of liver disease.

AIMS & OBJECTIVES

The present study, aims to study the aetiological factor
Bhaya (Fear/Anxiety) as the cause for the development of
liver disease.

MATERIAL & METHODOLOGY
3.1 Study Design
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Center of Study — Dept of Roga Nidana & Vikrutvigyana,
Government Ayurvedic College, Nanded And National
Testing Centre, Pune

Duration of Study — 18 months after approval of synopsis.

3.2 Study Population And Sampling

Groups:

Animal required for the Study
Species/Common name - Albino Rat
Weight - 200-250 g

Gender — Male and Female

Number to be used - 12

Animals were divided into 2 groups.

Groups (n=6)

Treatment

Normal Control

No treatment

Disease Control

Chronic unpredictable mild stress induction

3.3 Data Collection & Instrumentation

The animals were subjected chronically and unpredictably
to a variety of low-grade stressors which resembles to
those associated with anxiety-like symptoms in humans
and also cause cognition impairment.

CUMS protocol is performed in separate room. During the
7 weeks, animals were subjected to 6 different stressors:
1] tilted cage (45°),

2] Tail Clamping for 3 minutes,

3] Cold swimming for 5 minutes at 4°C

4] exposure to an empty bottle,

5] 24 h wet cage,

6] continuous illumination.

These stressors were randomly scheduled over a one-week
period and were repeated to maintain the aspect of
unpredictability. At the end, the animals were sacrificed,
and blood was collected for biochemical analysis. The
organ was measured, and the tissues of the liver were given
for histopathological analysis.

3.4 Assessment Criteria

3.5 SYSTEM AND MANAGEMENT

Serum bilirubin and SGOT and SGPT indicate liver tissue
damage, whereas Albumin serves as the marker of the
synthetic function of the liver.

The normal reference range of various biochemical

parameters using the experimental method is

predetermined from various studies. 3313

1. The normal reference range of Total Bilirubin in rats is
0.5 to 1.5mg/dl. Level. The level above than the normal
range is considered significant rise.

2. The normal reference range of SGOT in rats is 5 to 60
IU/L. Level. The level higher than the normal range is
considered a significant rise.

3. The normal reference range of SGPT in rats is 5 to 65
IU/L. Level. The level higher than the normal range is
considered a significant rise.

4. The normal reference range of Albumin in rats is 4.5 to
5.5 g/dl. Level. The level higher than the normal range
is considered a significant rise.

5. The normal reference range of random blood sugar in
rats is 140 mg/dl. Level. The level higher than the
normal range is considered a significant rise.

1. Species Rats

2. Strain Wistar

3. Source APT Testing and Research Pvt Ltd, Pune

4. Sex Male, Female

5. Body weight range | 200 gto 250 g

6. Identification By unique identification number marked by writing on cage tag and by corresponding colour body markings.

7. No. of animals 6 animals were tested per group

8. Acclimatisation The rats were housed in their cages for five days prior to the start of dosing in the experimental room after
veterinary examination.

Husbandry

9. Environmental Room temperature maintained between 22+3°C, relative humidity 50-60 % and illumination cycle set to 12

Conditions hours light and 12 hours dark.

10. Accommodation

Three rats per cage housed in polypropylene cages with stainless steel grill top, facilities for food and water
bottle, and bedding of clean paddy husk.

11. Diet Pelleted feed supplied by Supplier.

12. Water

steel sipper tubes.

Potable water passed through ‘Aquaguard’ water filter was provided ad libitum in plastic bottles with stainless

OBSERVATION & RESULT

The results were analysed for statistical significance by two-way ANOVA and t-test, and were expressed as Mean + SEM by

using Graphpad Prism 9 version.

Table No. 1 — Bilirubin (mg/dl)

Date:07/Feb/2024

T.Bill

Group Animal No

| Sex | Marking mg/dl
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1 M 1 0.4
2 M 2 0.4
3 M 3 0.4
NC
4 F 1 0.5
5 F 2 0.4
6 F 3 0.5
MEAN 0.4
SD 0.0
7 M 1 0.6
8 M 2 0.3
9 M 3 0.3
DC
10 F 1 0.6
11 F 2 0.6
12 F 3 0.5
MEAN 0.5
SD 0.1
Total Bilirubin
0.6
=
=
ED
2 041
g
=
=
Z 0.2
E
]
[
0.0-
Groups
Table No. 2 - SGOT Value (IU/L)
Date:07/Feb/2024 SGOT
Group Animal No Sex Marking U/L
1 M 1 54.0
2 M 2 55.1
3 M 3 52.4
NC 4 F 1 48.6
5 F 2 51.5
6 F 3 65.4
MEAN 54.5
SD 5.8
7 M 1 104.8
8 M 2 172.2
9 M 3 123.3
bc 10 F 1 104.4
11 F 2 112.4
12 F 3 128.6
MEAN 124.3
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| SD | 25.4
SGOT
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Table No. 3 — SGPT Values (IU/L)
Date:07/Feb/2024 SGPT
Group Animal No Sex Marking U/L
1 M 1 64.2
2 M 2 66.2
3 M 3 57.9
NC 4 F 1 75.5
5 F 2 47.7
6 F 3 61.7
MEAN 62.2
SD 9.2
7 M 1 102.0
8 M 2 126.4
9 M 3 111.0
pC 10 F 1 137.0
11 F 2 127.0
12 F 3 124.4
MEAN 121.3
SD 12.6
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SGPT
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Table No. 4 — Albumin Values (g/dl)

Date:07/Feb/2024 ALB
Group Animal No Sex Marking g/dl
1 M 1 4.6
2 M 2 43
3 M 3 3.8
NC 4 F 1 4.7
5 F 2 4.7
6 F 3 4.8
MEAN 4.5
SD 04
7 M 1 4.1
8 M 2 4.0
9 M 3 2.2
DC 10 F 1 53
11 F 2 53
12 F 3 5.5
MEAN 4.4
SD 1.2
Albumin
61 ns
B 4
@ 4
g
2
= 24
-
0_
v v
A= Q
Groups
Table No. 5 — Glucose Value (mg/dl)
| Date:07/Feb/2024 | Glucose |
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Group Animal No | Sex | Marking | mg/dl
1 M 1 57.6
2 M 2 70.0
3 M 3 64.2
NC 4 F 1 40.9
5 F 2 83.1
6 F 3 74.5
MEAN 65.0
14.7
7 M 1 78.6
8 M 2 157.7
9 M 3 105.9
pc 10 F 1 167.3
11 F 2 175.8
12 F 3 161.4
MEAN 141.1
39.3
Glucose
zm_ *x
= 150
=
£
2 1007
=
=
=
0 50
ﬁ_
NC DC
Groups

Table No. 6 — Histopathology of Liver

Histopathology Report of Toxicity Study

Sr. N.

Group /Slide Code

Histopathological observations
2. Liver

Overall
Pathological Grade

NC-1IM

Normal hepatic parenchyma with normal
histomorphology of hepatocytes with intact cellular
features. The hepatocytes were arranged in hepatic strands
around central vein. Hepatocytes appeared polygonal to
round in shape with presence of round nucleus and intact
cell borders.

Absence of any metabolic or pathological cellular lesions
in the liver.

NAD

NC-2F

Normal hepatic parenchyma with normal
histomorphology of hepatocytes with intact cellular
features. The hepatocytes were arranged in hepatic strands
around central vein. Hepatocytes appeared polygonal to
round in shape with presence of round nucleus and intact
cell borders.

NAD
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Absence of any metabolic or pathological cellular lesions
in the liver.

3 DC_3M Mild degenerative changes in the hepatic parenchyma | Mild (+2)
with focal areas of cellular swelling and congested
vasculature and focal areas of hemorrhages interstitial in
hepatic parenchyma. Focal areas with granular
cytoplasmic changes and loss of nucleus were noted.

4 DC-4F Mild degenerative changes in the hepatic parenchyma | Mild (+2)
with focal areas of cellular swelling and congested
vasculature and focal areas of hemorrhages interstitial in
hepatic parenchyma. Focal areas with granular
cytoplasmic changes and loss of nucleus were noted.
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DISCUSSION 3. The normal reference range of SGPT in rats is 5 to 65

Serum bilirubin and SGOT and SGPT indicates liver tissue
damage whereas Albumin serves as the marker of the
synthetic function of the river.

1. The normal reference range of Total Bilirubin in rats is
0.5 to 1.5mg/dl. Level. The level above than the normal
range is considered significant rise.

The mean Total bilirubin in NC is 0.4 mg/dl whereas in DC
group it is 0.5 mg/dl with standard deviation of 0.1 mg/dl
which indicates slight increase in bilirubin value after
subjecting the rats to the stressors but not significant.

2. The normal reference range of SGOT in rats is 5 to 60
IU/L. Level. The level higher than the normal range will
be considered significant rise.

The mean SGOT in NC is 54.5 mg/dl whereas in DC group
it is 124.3 mg/dl with standard deviation of 25.4 mg/dl
which indicates slight increase in SGPT levels after
subjecting the rats to the stressors but not significant.

IU/L. Level. The level higher than the normal range is
considered significant rise.

The mean SGPT in NC is 62.2 mg/dl whereas in DC group
it is 121.3 mg/dl with standard deviation of 12.6 mg/dl
which indicates slight increase in SGPT levels after
subjecting the rats to the stressors but not significant.

4. The normal reference range of Albumin in rats is 4.5 to
5.5 g/dl. Level. The level higher than the normal range is
considered significant rise. The mean Albumin level in NC
is 4.5 mg/dl whereas in DC group it is 4.4 mg/dl with
standard deviation of 1.2 mg/dl which indicates slight
decrease in protein levels after subjecting the rats to the
stressors but not significant.

The normal reference range of random blood sugar in rats
is 140 mg/dl. Level. The level higher than the normal range
is considered significant rise. The mean Blood sugar in NC
is 60.0 mg/dl whereas in DC group it is 141.1 mg/dl with
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standard deviation of 39.3 mg/dl which indicates slight
increase in sugar levels after subjecting the rats to the
stressors but not significant.

Liver biopsy report

Mild degenerative changes in the hepatic parenchyma with
focal areas of cellular swelling and congested vasculature
and focal areas of hemorrhages interstitial in hepatic
parenchyma. Focal areas with granular cytoplasmic
changes and loss of nucleus were noted. Findings in NC
group was unremarkable.

SUMMARY & CONCLUSION

In the DC group, levels of SGPT, SGOT, were slightly
elevated as compared to the NC group but not
significant.

There was slight increase in sr. Bilirubin values in DC
group as compared to NC group but not significant.
There was slight decrease in protein levels in DC group
after subjecting the rats to the stressors as compared to
NC group but not significant.

Histopathology of liver tissue showed no abnormalities
in NC group. While in DC group mild degenerative
changes in the hepatic parenchyma with focal areas of
cellular swelling and congested vasculature and focal
areas of hemorrhages interstitial in hepatic parenchyma
was seen. Focal areas with granular cytoplasmic
changes and loss of nucleus were also noted.

The overall effect of stressors on liver function test was
insignificant although minor degree of alteration was
seen in DC group of animals. Hence, it can be stated
that anxiety did not cause any significant effect on the
function of liver in experimental rats of the present
study.
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