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ABSTRACT 

Serum proteins are an important indicator of the nutritional status. Disturbance in normal protein levels indicates vital 
organs dysfunctions which may be fatal for life. The main aim of the study was to determine the serum and tissue protein 
levels against CCl4 intoxication and its mitigation by newly developed novel herbal medicine (AKSS16-LIV-01). Healthy 
adult swiss albino mice were assigned to four groups of six mice each according to their weights. Group-I serve as 
control, Group-II received Multi herbal formulation(AKSS16-LIV01)400 mg/kg/day, Group-III received carbon 
tetrachloride (CCl4) 1 ml/kg-bw and Group-IV received CCl4(1 ml/kg-bw) along withAKSS16-LIV01 (400 
mg/kg).Administration of carbon tetrachloride (CCl4) showed decline body weight, food consumption and water intake 
in mice whereas treatment with Multi herbal formulation(AKSS16-LIV01)normalized the same as compared with 
untreated animals. Treatment with CCl4 (Group-III) decline the total protein, albumin and globulin levels in serum, liver 
and kidney compared with control. Pre-treatment with AKSS16-LIV01 significantly (p<0.001) increased thetotal protein, 
albumin and globulin levels in serum, liver and kidney compared CCl4 intoxicated animals. On the other hand higher level 
of albumin/globulin ratio clearly indicate that liver and kidney might be affected by CCl4 treatment.  Multi herbal 
formulation (AKSS16-LIV01) protect the liver and kidney by maintaining the albumin/globulin ratio. So, in conclusion it 
may be predicted that phyto constituents and antioxidant enrich this novel formulation maintain normal protein pattern 
and protects the body from various dysfunctions.  
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INTRODUCTION  
The body needs protein to function and survive. Alteration of serum total protein leads to various 
complications and sometimes damage vital organs[1]. The major components of the serum protein are 
albumin and globulin, represents the nutritional status of the body which maintain the colloidal osmotic 
pressure in blood[2-4]. These two proteins also maintain body’s immune function, prevent infection[5]. 
Scientific literature revelled that albumin-to-globulinratio (AGR) is a prognostic factor of various diseases 
and medical complications[6,7]. Clinical study indicate that decline albumin levels showed poor nutrition 
status, sometimes very fatal to survive [8,9].  
Carbon tetrachloride (CCl4) is a major industrial pollutant associated with production of free radicals 
which creates various organ dysfunction like liver and kidney[10]. It is established that metabolic 
activation ofCCl4 by cytochrome P450 produced trichloromethyl radical (·CCl3)and 
peroxytrichloromethylradical (·OOCCl3) which initiates lipid peroxidation, responsible for membrane 
disruption leads to liver and kidney injury[11]. Long-time exposure of CCl4 alter the normal protein level 
in the body which creates various type of organ dysfunctions[12]. Animal study showed that 
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administration of CCl4 decrease normal food and water intake, produce nutrition deficiency 
syndrome[13].   
Long term safe and symptomatic medication without side effects is one of the main approach of 
alternative system of medicine comprising herbal products[14]. The plant based formulation is enrich 
with various essential phytochemicals and enormous antioxidants, serrates to prevent diseases[15,16]. 
With view this concept, we developed a novel, low cost herbal formulation composed of six Indian 
medicinal plants and three Indian spices. Our previous study upon animals showed that this formulation 
does not produce any toxic effects upon animals and safe for therapeutic medication[17,18]. Here we try 
to apply this traditional medicine for maintaining the essential protein levels caused by CCl4.   
 
MATERIAL AND METHODS  
Chemicals 
Carbon tetrachloride (CCl4) and TRIS buffer were obtained from Merck, India. PBS pH 7.4 was procured 
from Sigma-Aldrich. Biochemical determination kits i.e. total protein, albumin and globulin were 
procured from Thermo Scientific, USA. All others reagents used in this study are laboratory grade.   
Preparation of plant extract  
All the medicinal plant and spice ingredients were collected from registered local herbal suppliers and 
authenticated by pharmacognosist. Plants parts were cleaned and dry with normal temperature. The 
dried plant parts were used for preparation of multi herbal formulation as per standard validated 
protocol[19]. The plants and plant parts used in preparation of the extract are listed in Table 1. 
Animals  
Twenty four young, healthy swiss albino mice weighing 25g ± 5g have been randomly included for the 
study. The animals have been housed in healthy atmospheric conditions (12 h light and dark cycles, at 
25±2 ºC and 50-60% humidity), normal feeding, drinking, and medical care based on the CPCSEA 
guidelines. Mice were kept under observation for one week before the onset of the experiment for 
acclimatization and to exclude any unsercurrent infection. The experimental procedures were approved 
by the Institutional Animal Ethics Committee (IAEC) (Approval No. 261/JU/s/IAEC/Pharma/2018). 
Experimental procedure 
The mice were randomly assigned to four major groups of six mice each according to their body weights 
such that each group was made up of mice within the close range of body weight. The groups are as 
follows: Group-I serve as control, Group-II received Multi herbal formulation (AKSS16-LIV01) 400 
mg/kg/day, Group-III received carbon tetrachloride (CCl4) 1 ml/kg-bw and Group-IV received CCl4 along 
with AKSS16-LIV01 (400 mg/kg). 
Body weight, food consumption and water intake  
Body weights were measured on weekly basis from the initial day to the final day of experiment to 
calculate body weight alteration. Feed intake was determined by measuring feed residue on weekly basis 
since the beginning of the experiment. Feed conversion was obtained by dividing total feed intake by 
body weight gain. Water intake was determined by subtracts the remaining of water found in the drinking 
bottle from the initial water given to the animals.  
Blood Collection and serum preparation   
At the end of the respective fasting period, blood was collected from each mouse by retro orbital venous 
puncture. 200 µL of blood sample were collected into micro-centrifuge tubes with and without EDTA 
(2%). Collected bloods were placed in slanting position at room temperature for 2 hrs. Then, they were 
centrifuged at 3500 g for 10 min. after centrifugation clear light yellow colour serum was separated and 
used for further analysis. 
Preparation of tissue homogenate  
A small portion of the liver and kidney tissues was homogenized in ice-cold 0.9% w/v saline using a 
homogenizer to obtain 20% homogenate. Aliquots of the liver homogenate were stored at 4⁰C prior to 
biochemical analysis. 
Determination of serum, liver and kidney protein  
Serum and tissue homogenate were used for the determination of total protein, albumin and globulin. 
Total protein, albumin and globulin were determined according to the standard biochemical protocol 
with slight modification using colorimetric kit obtained from Thermo Scientific, USA.  
Statistical analysis  
Data are presented as mean ±SE. Statistical analysis of the data was carried out using two way analysis of 
variance (ANOVA) followed by Tukey’s test for post hoc analysis. Statistical significance was acceptable to 
a level of p< 0.05. 
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RESULTS  
Effect of multi herbal formulation (AKSS16-LIV01) on Body weight, Food Consumption and Water 
Intake  
Gross body weights and relative changes, food consumption and water intake was presented in table 2. 
Administration of carbon tetrachloride (CCl4) (1 ml/kg-bw) significantly reduced (p<0.001) the body 
weight, food intake and water intake capacity as compared with control animals. Treatment with multi 
herbal formulation (AKSS16-LIV01) 400mg/kg/day normalized the body weight, daily food intake and 
water intake capacity as compared with control animals. Administration of AKSS16-LIV01 did not show 
any abnormal changes as compared with control animals.  
Effect of multi herbal formulation (AKSS16-LIV01) on serum, liver and kidney total protein 
Figure 1 shows the mean serum, liver and kidney total protein (TP) levels in control and experimental 
groups of mice. Data indicate that CCl4 intoxicated mice had significantly lower mean serum liver and 
kidney total protein compared with the control (p<0.001). Pre-treatment with multi herbal formulation 
(AKSS16-LIV01) at a dose of 400 mg/kg/day significantly increased the decline total protein levels when 
compared with CCl4 treated mice. 28days treatment with newly developed multi herbal formulation 
(AKSS16-LIV01) at a dose of 400 mg/kg/day alone did not shows any significant differences in serum, 
liver and kidney protein levels when compared with control group.  
Effect of multi herbal formulation (AKSS16-LIV01) on serum, liver and kidney albumin 
Figure 2 shows the mean serum, liver and kidney albumin levels in control and experimental groups of 
mice. Data indicate that CCl4 intoxicated mice had significantly lower mean serum liver and kidney 
albumin compared with the control (p<0.001). Pre-treatment with multi herbal formulation (AKSS16-
LIV01) at a dose of 400 mg/kg/day significantly increased the decline albumin levels when compared 
with CCl4 treated mice. 28days treatment with newly developed multi herbal formulation (AKSS16-
LIV01) at a dose of 400 mg/kg/day alone did not shows any significant differences in serum, liver and 
kidneyalbumin levels when compared with control group.  
Effect of multi herbal formulation (AKSS16-LIV01) on serum, liver and kidney globulin 
Figure 3 shows the mean serum, liver and kidney globulin levels in control and experimental groups of 
mice. Data indicate that CCl4 intoxicated mice had significantly lower mean serum liver and kidney 
globulin compared with the control (p<0.001). Pre-treatment with multi herbal formulation (AKSS16-
LIV01) at a dose of 400 mg/kg/day significantly increased the decline globulin levels when compared 
with CCl4 treated mice. 28days treatment with newly developed multi herbal formulation (AKSS16-
LIV01) at a dose of 400 mg/kg/day alone did not shows any significant differences in serum, liver and 
kidney globulin levels when compared with control group.  
Effect of multi herbal formulation (AKSS16-LIV01) on serum, liver and kidney albumin/globulin 
(AGR) ratio  
Table 3 shows the mean serum, liver and kidney albumin/globulin ratio in control and experimental 
groups of mice. Data indicate that CCl4 intoxicated mice had significantly higher mean serum liver and 
kidney albumin/globulin ratio (AGR) compared with the control (p<0.001). Pre-treatment with multi 
herbal formulation (AKSS16-LIV01) at a dose of 400 mg/kg/day normalized the decline albumin/globulin 
ratio(AGR) levels when compared with CCl4 treated mice. 28days treatment with newly developed multi 
herbal formulation (AKSS16-LIV01) at a dose of 400 mg/kg/day alone did not shows significant 
differences in serum, liver and kidney albumin/globulin ratio (AGR) levels when compared with control 
group.  

 
Table 1 Details ofingredient(s) present in the newly developed multi herbal formulation 

Sl. No.  Botanical Name Common Name Family Quantity used in extract  
1. Tinosporacordifolia Guduchi Menispermaceae 20 mg 
2. Terminaliachebula Haritaki Combretaceae 20 mg 
3. Azadirachtaindica Neem  Meliaceae 50 mg 
4. Andrographispaniculata Kalmegh Acanthaceae  50 mg 
5. Aloe barbadensis miller Aloe vera Liliaceae 50 mg 
6. Curcuma longa Curcuma, Haldi Zingiberales 20 mg 
7. Trigonellafoenum-graecum Methi Fabaceae 10 mg 
8. Piper nigrum Black pepper Piperaceae 10 mg 
9. Elettariacardamomum  	Zingiberaceae  10 mg 

* Amount required for preparation of 5 ml extract. 
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Table-2:Effect of multi herbal formulation (AKSS16-LIV01) on body weight, food consumption and water 
intake 

Parameters Mice 
Group-I Group-II Group-III Group-IV 

Body weight (g) Initial 26.35±1.91 26.51±2.35 26.71±4.2 26.68±5.1 
Body weight (g) Final 37.84±2.03 36.94±1.69 21.81±2.41# 36.97±1.67* 

Body weight (g) gain or loss 11.49±0.06 10.43±0.04 4.90±0.006 10.29±0.03 
Food consumption (g) 4.52±0.05 4.37±0.07 2.94±0.06# 5.11±0.04* 

Water intake (ml) 4.01±0.04 4.25±0.04 3.01±0.02# 4.31±0.06* 

All data were expressed as means± SE (n=6/group). Data comparison was performed using two way 
ANOVA followed by Tukey’s Multiple Comparison Test. #Significantly different from the control group at 
p<0.001 and *Significantly different from (CCl4) group values at p<0.001 
 

Table 3: Effect of AKSS16-LIV01 on serum, liver and kidney albumin/globulin (AGR) in CCl4 induced 
toxicity 

Groups  Albumin/Globulin ratio 
Serum Liver Kidney 

Control 1.32±0.12 1.45±0.14 1.48±0.11 
AKSS16-LIV01  1.31±0.11 1.37±0.16 1.41±0.12 
CCl4 1.76±0.16 1.58±0.14 1.57±0.15 
CCl4 + AKSS16-LIV01 1.26±0.13 1.43±0.19 1.50±0.18 

 

 
Figure 1: Effect of multi herbal formulation (AKSS16-LIV01) on Total protein levels in mice. All data were 
expressed as means± SE (n=6/group). #significantly different from the control group at p<0.001 and 
*significantly different from (CCl4) group values at p<0.001. Data comparison was performed using one 
way ANOVA followed by Tukey’s Multiple Comparison Test. 
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Figure 2: Effect of multi herbal formulation (AKSS16-LIV01) on albumin levels in mice. All data were 
expressed as means± SE (n=6/group). #significantly different from the control group at p<0.001 and 
*significantly different from (CCl4) group values at p<0.001. Data comparison was performed using one 
way ANOVA followed by Tukey’s Multiple Comparison Test. 

 

 
Figure 3: Effect of multi herbal formulation (AKSS16-LIV01) on globulin levels in mice. All data were 
expressed as means± SE (n=6/group). #significantly different from the control group at p<0.001 and 
*significantly different from (CCl4) group values at p<0.001. Data comparison was performed using one 
way ANOVA followed by Tukey’s Multiple Comparison Test. 
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DISCUSSION  
Various secondary metabolites of the medicinal plants are mainly responsible for therapeutic effects[21]. 
Poly herbal drug are very useful for treatment of various diseases due to the synergistic effects of 
different plants [22]. Phenolic compounds and flavonoids present in the aromatic plants are mainly 
responsible for pharmacological functions and prevent oxidative stress [23]. Our study showed that 
administration of carbon tetra chloride (CCl4) inhibit normal body growth, food consumption and water 
intake. Co administration of our developed formulation retained the body weight, food consumption and 
water intake.   
Protein is responsible for normal body growth and development. Abnormal protein level inhibit the body 
growth which may be occur when subject exposed with environmental toxin [24,25]. Total serum protein 
is an indicator in liver and kidney damage [26]. In the present study we observed that carbon tetra 
chloride (CCl4) significantly decreased the serum, liver and kidney protein levels. Co administration with 
AKSS16-LIV01 maintained the normal serum, liver and kidney protein levels.  
Albumin play a crucial role to maintain physiological activities of human body [27,28]. It is one of the liver 
biomarker as it generates from the liver cells. Low level of albumin is responsible for poor nutrition [29-
32]. In this study we observed that chronic administration of CCl4 decline normal albumin levels in serum, 
liver and kidney which was recovered when animals pre-treated with novel multi herbal formulation 
(AKSS16-LIV01). The result clearly indicate that AKSS16-LIV01 capable to maintain the normal albumin 
level against the environmental toxicant like CCl4.  On the other hand scientific study revealed that serum 
globulin is involved in chronic inflammation. Recent study showed that carbon tetra chloride (CCl4) alter 
the serum, liver and kidney globulin and disrupt normal homeostasis. Our study also confirm that 
application of CCl4 decreased normal globulin levels in serum, liver and kidney. Treatment with the 
developed formulation (AKSS16-LIV01) normalized the globulin level in experimental animals. 
Albumin/globulin ratio also confirm the protein alteration.  
 
CONCLUSION  
Chronic administration of carbon tetrachloride (CCl4) suppressed the normal body growth and reduced 
normal food and water intake capacity in mice. This environmental toxin reduced the total protein, 
albumin and globulin levels both in serum and tissues. Our developed novel multi herbal formulation 
might be able to maintain the normal essential protein values and prevent the CCl4 induced deleterious 
effects in mice. Thus, we believe that the developed formulation composed of medicinal herbs and 
medicinal spices might be a therapeutic medicine in future.  
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