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ABSTRACT

Background: Diabetes Mellitus (DM) is a global health issue with severe systemic health effects. A key driver
of these complications is prolonged high blood sugar, which enhances the lipolysis and leads to dyslipidemia.
Atherogenic index plasma (AIP) significantly heightens the risk of cardiovascular diseases (CVS) in diabetic
patients. The objectives of this study were to check the novel use of N- acetylcysteine (NAC) in diabetic rats and
to evaluate the comparative effects of NAC and Met on diabetes induced rats.

Materials & Methods: This randomized control trial study was undertaken at the Department of Pharmacology &
Therapeutics, Army Medical College Rawalpindi in association with the National Institute of Health (NIH) Islamabad
from August 2021 to October 2021. There was a total of twenty-five rats, with five in each group randomized.
An intraperitoneal (IP) injection of Streptozotocin (STZ) (35 mg/kg) was given to induce a diabetic condition in
the animals. Rats with blood sugar levels in excess of 300 mg/dl after 48 hours were considered to be diabetic.
The rats with Diabetes were used as a diabetic control group in one group while the remaining DM rats in three
groups were treated with N-acetylcysteine (NAC), Metformin (Met), and Metformin plus N-acetylcysteine (Met +
NAC) respectively. The treatment lasted for four weeks. The Atherogenic Index plasma (AIP) of the groups was
compared at the end of the trial period. In the statistical analysis, the whole data array was handled with the
SPSS 25.0 statistical software package. The Analysis of Variance (ANOVA Test), which compares the variations
within all the groups, has been employed, followed by post hoc Tukey test.

Results: There was a total of twenty-five rats, with five in each group randomized. There was a marked improvement
in the Atherogenic index plasma (AIP) for the N-acetylcysteine (NAC) group, as well as for the Metformin + N-
acetylcysteine (Met + NAC) group having a p value <0.001in these groups.

Conclusion: The use of antioxidants, including N-acetylcysteine, caused a significant decrease in the Atherogenic
Index Plasma in a diabetes-induced model produced by Streptozotocin.
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N-acetylcysteine; Streptozotocin.
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The morbidity and mortality rates worldwide are
enormously influenced by the complicated inter-
relationship existing between DM and CVD, which
are commonly experienced together. Dyslipidemia
is considered one of the prominent risk factors for
CVD in diabetic patients, apart from other factors.
In this respect, a useful concept that helps to make
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relationship that exists in the bloodstream between
atherogenic and protective lipids.' DM is commonly
experienced together with Dyslipidemia, character-
ized by high values of triglycerides (TG), Low Density
Lipoprotein cholesterol (LDL-C), and reduced values
of High Density Lipoprotein cholesterol (HDL-C).
Insulin resistance, which is a prominent character-
istic of Type 2 DM, leads to increased production of
triglyceride-rich lipoproteins in the liver, as well as
alterations in lipid metabolism, which contribute to
the condition of Dyslipidemia. This condition that
occurs in Diabetic patients is liable to increase the
risks of atherosclerosis as well as Cardiovascular
problems.2 The AIP provides a complete assess-
ment of the balance that exists in the bloodstream
between atherogenic lipids, apart from the protective
ones. High atherogenic potential, apart from an un-
favorable profile, is a significant characteristic of high
AIP, which makes a person prone to atherosclerosis
as well as other serious CVD.** Calculated as: Ath-
erogenic Index plasma (AIP) = Log 10 (TG /HDL).5

The naturally existing amino acid is cysteine, from
which NAC, recognized for possessing high anti-
oxidant properties, is derived. Quite a number of
researches have investigated the impact of NAC on
the AIP, as well as other atherosclerosis indices, for
people with diabetes. It has been proven that NAC
reduces oxidative stress by eliminating free radicals,
thereby increasing intracellular glutathione. This
has been linked to a reduction in inflammation and
lipoperoxidation, which might retard the develop-
ment of atherosclerosis.® Among the contributing
factors to the development of atherosclerosis is
chronic inflammation. It has been shown that NAC
has anti-inflammatory properties because it inhibits
signal transduction pathways and pro-inflammatory
cytokines. NAC can help a patient with diabetes
lessen the threat of atherosclerosis because of the
reduced inflammation.” It has been reported that
NAC improves the function of the endothelium,
which is a significant component of overall vascu-
lar protection. Endothelial dysfunction is a primary
causative agent in atherosclerosis. The AIP can be
reduced by NAC in diabetics because it improves
endothelium function.

There have been researches on the effects of
Met, a medication used in the treatment of type
2 diabetic patients, on lipids as well as overall
cardiovascular health. The AIP, which is an indication
of the possibility of atherosclerosis, a condition
characterized by the deposition of plaque within
the arteries. Metformin has been investigated with
variable success in researches concerning its effect
on lipid profiles, together with the AIP. Met has
been proven in some clinical researches to exert
a favorable effect on lipid profiles by increasing
high-density lipoprotein cholesterol (HDL-C), with
a corresponding reduction in triglycerides, overall

cholesterol, as well as low-density lipoprotein
cholesterol (LDL-C).® The AIP might decrease
because of the change in the said lipids, with a
corresponding reduced threat of atherosclerosis. In
addition, the effect of Met on Atherogenic indexes
might vary with regards to different factors such
as treatment doses, treatment periods, as well as
certain patient-specific factors.® In conclusion, the
most significant contribution of Met to a healthy
cardiovascular system is from the mechanism of
enhancing the sensitivity of insulin, although the
drug might also have a positive impact on the AIR,
even though there are no significant effects on
lipid profiles. Thus, patients with type 2 diabetes
not only need to manage glycemia but need to
manage all of their factors that exert a negative
impact on the cardiovascular system, such as diet,
exercise, as well as all medications.'® The objectives
of this research were to evaluate the comparative
and coupled effects of NAC and Met on diabetes
induced rats to draw conclusions on possible use
of these. Given its antioxidant properties, novel use
of NAC may offer substantial and preventive relief in
managing diabetes and related complications, for
future shaping of diabetic regimen.

MATERIALS AND METHODS

The study design was randomized controlled trial
which was undertaken at the Department of Phar-
macology & Therapeutics, Army Medical College
Rawalpindi in association with the National Institute
of Health (NIH) Islamabad.

Twenty-five Sprague Dawley rats only female (to
avoid pregnancy) were used for research purposes
at NIH, randomly allocated to five different groups.
The freshly prepared injection of Streptozotocin
(IP, 35 mg/kg)''in a single dose was given to rats
intended for inducing DM. Rats with blood sugars
greater than 300 mg/dl, 48 hours following injection,
were considered to be diabetic. The blood samples
obtained at the onset, as well as at the completion
of the research, were assessed via biochemical
evaluation. Prior to the induction of DM, the animals
were fasted for a period of eight hours, while towards
the end of the research, the animals were fasted for
a period of twelve hours, with subsequent sacrifice
via inhalation of chloroform. The blood samples at
onset were obtained via tail vein, while subsequently,
via heart puncture.

The entire dataset has been processed with the
SPSS 25.0 statistical software. The quantitative
values have been expressed in mean + Standard
Deviation form. For comparing the variations in
all the groups, the One-Way Analysis of Variance
(ANOVA) has been employed, which has further
been corrected with Tukey’s Post Hoc Test. The
cut-off value for statistical significance has been
setat P < 0.05.
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Table 1: The Intervention Protocols Groups
Categories

Groups Interventions protocols

Rats were fed on standard
diet and clean drinking
water.

Group I: Group NC
(Negative Control)

DM rats were fed on
standard diet and clean
drinking water.

DM rats treated with
Metformin

Group lll: DM+ Met | (250 mg/kg/day)'? admin-
istered by oral gavage for
28 days.

DM rats treated with NAC
(25 mg/kg/day)'® adminis
tered by oral gavage, for
28 days.

DM rats treated with Met-
formin.

(250 mg/kg/day) +NAC
(25 mg/kg/day) adminis-
tered by oral gavage for
28 days.

Group II: Group DC
(Positive Control)

Group IV: DM +
NAC Group

Group V: DM+
Met+ NAC Group

RESULTS

There was a total of twenty-five rats, with five in each
group randomized. An intraperitoneal (IP) injection
of Streptozotocin (STZ) (35 mg/kg) was given to
induce a diabetic condition in the animals. Rats with
blood sugar levels in excess of 300 mg/dl| after 48
hours were considered to be diabetic. TG test results
showed little variations in NC group, NAC group and
Met+NAC groups, while slight raised in values were
observed in Met, whereas DC group had very high
value of TG. All the results were significant statistically
with value of p less than 0.001. As shown in table 2.

Table 2: Comparison of means - TG

COMPARISON OF MEANS - TG
NC DC Met |NAC |Met+NAC
TG (066 [2.63 |[1.16 |1.01 |0.63

p value <0.001*
* Significant p value < 0.05

The tests results of HDL obtained from the samples
of various groups showed little variation in NC group,
NAC group, and Met+NAC groups, while HDL results
were found to be high in DC group and significantly
low in Metformin group. Overall the results were
significant statistically with value of p less than 0.001.
As shown in table 3.

Table 3: Comparison of Means — HDL

COMPARISON OF MEANS - HDL

NC DC Met NAC Met+NAC

HDL [1.38 [1.74 |0.79 1.12 1.13

p value <0.001*

* Significant p value < 0.05

In terms of AIP, Met+NAC group showed a substan-
tial improvement over DC group. In contrast, the NAC
group showed little improvement and the Met showed
no such improvement in AIP. Table 4 along with the
Figure 1 display all of the statistically significant out-
comes, with p values less than 0.001.

Table 4: Comparison of Means - Atherogenic
Index Plasma (AIP)

COMPARISON OF MEANS - ATHEROGENIC INDEX
PLASMA

NC DC | Met NAC Met+NAC

AP |0.64 |[1.50 |1.49 0.90 0.56

p value <0.001*

* Significant p value < 0.05

COMPARISON OF MIEANS - AIP
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Figure 1: Comparison of Means - AIP

DISCUSSION

Diabetes has been identified as a serious health is-
sue. ltis a fact that over 8.8% of the population world-
wide is suffering from this disease. The World Health
Organization forecasts that the number of patients
suffering from DM can increase to twice the existing
numbers. Elevated blood glucose is the fundamental
cause of a variety of conditions, such as metabolic
disorders, renal problems, retinopathy, neuropathy,
changes in the lipids profile and atherosclerosis. '

The use of these antioxidants, especially when used
alongside medications, is distinct. It has the potential
to halt, at a minimum, the emergence of the condition
linked with metabolic syndromes, as well as side
effects. Antioxidants have, in this case, been shown
to reduce the glycemic indices of DM. The compli-
cated etiology of DM triggers a shift in medication
use from single medication to a cocktail approach
as enunciated by Al-Nami.'® Various other research
findings also indicate that taking a combination of
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antioxidant and synthetic medications for treatment
is far more efficacious than merely taking one med-
ication; as concluded by Sun.'® This research was
intended to examine the novel use of antioxidant
NAC in comparison and coupled with Met. The
empirical evidence showed anti-dyslipidemia effect
of both NAC and Met stalling the emergence of the
conditions linked with metabolic syndromes, like
cardiovascular complications, found consistent with
the findings of Abdel'” and Li."®

In a normal state, the body’s defense mechanisms
are capable of destroying adequate ROS; hence, the
extra production of ROS together with DM further
reduced the use of carbs by cells, thus resulting in
problems related to the metabolism of proteins and
fats, thus proved to contribute towards fluctuating
redox states of cells as enunciated by Ghasemi.'
On other hand, an increase in ROS causes the
deficiency of endogenous antioxidants leading to
a rise in lipid peroxidation as well as a reduction in
Glutathione Peroxide Activity (GSH-Px) and Super-
oxide Dismutase (SOD), which further increases
the oxidative stress.? In this study, the antioxidant
like NAC because of its potency in protecting mem-
brane-bound lipoprotein lipase from lipid peroxides
effectively reduced the serum TG and LDL. This
decrease in TG and LDL might have also attributed
to better glycemic control; while on the other hand,
increase in HDL was observed, most probably linked
to mechanisms involving increased activity of insulin
supported by antioxidant-NAC. These empirically
supported effects of antioxidant have also been
endorsed in the studies of Xing.*'

The findings of this study on the risk stratification and
therapeutic targets affirmed that the AIP provided
valuable insights into how persons with diabetes are
stratified in terms of cardiovascular risk and athero-
sclerosis, consistent with the study of Cui.?? Similarly,
the primary target for the treatment of dyslipidemiain
patients with diabetes is the reduction of AIP values,
which cannot be achieved only by typical pharmaco-
logic interventions (Metformin) therefore warranting
rigorous modification strategies like adding some
antioxidant which not only improves dyslipidemia, AIP
but also the glycemic indices Blahova?*and Panahi.?*

CONCLUSION

It has been concluded that the use of the antiox-
idant-NAC coupled with traditional treatment Met,
significantly lowered the AIP in the STZ-induced
diabetic rats. The use of the antioxidant-NAC addi-
tionally exhibited a hypo-lipidemic effect, which is
also known to be very effective for treating parac-
etamol toxicity and as mucolytic with reduced side
effects and safety profile. The anti-atherogenic effect
of NAC has been proven to be significantly better
compared to the established medication Met. The
stand-alone use of Met lacks the anti-atherogenic

effect in comparison when used together with the
antioxidant-NAC.

Restrictions: The sample size, time constraints,
available resources and budgetary restrictions were
among the limitations.
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