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ABSTRACT

Diabesity has reached an epidemic proportion in India as well as worldwide. The use of non-nutritive sweeteners (NNSs)
has been proposed to combat this menace. NNSs are calorie less healthy sugar substitutes while researchers suggest a
contrary report of NNSs. Ingestive behavior plays an important role in diabesity development as it may provide excess
calories. However, ingestive behavior is a complex process with a lack of experimental animal studies. Therefore, we
studied ingestive patterns in the control, sucrose or saccharin (NNSs) fed rats along with a change in their body weight and
blood sugar levels. The analysis allowed a comparison of ingestive behavior such as number of ingestive bouts, bouts
licking rate, bouts duration as well as water and food intake patterns. Results show that control and sucrose-fed rats ingested
5 g food in the 2 h, and 4 h, respectively while saccharin fed rats have become “nibblers” during this period. Rats ingested
sucrose in 6-bouts while saccharin in 4-bouts during the experiment. The study showed a temporal variation in sucrose
versus saccharin induced ingestive behavior. The findings suggest that NNS's interferes with ingestive behavior which
normally contributes to energy homeostasis and may induce metabolic derangements.
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INTRODUCTION

Various studies have authenticated the linkage
between  overeating, overweight, and diabetes.
Environmental increases in palatability and variety in the
food supply are potential contributors to the rise in
adiposity seen worldwide [1], which is leading to a
diabesity epidemic [2]. The main characteristic of the
Western obesogenic food environment is highly palatable
fast food products. Schroder et al. [3] reported that fast
food products are often characterized by their high
content of fat and sugars, high palatability, large portion
size, and high energy density. Ingestive behavior
responds to a multiplicity of factors including palatability
[3-7] which in turn influences food intake [7-11], water

intake [12, 13], and blood glucose [12, 14-18] amongst
several other parameters [19-21]. Incidentally, each of
these parameters per se may influence the nociceptive
pain responses [19, 22-27]. There is a robust effect of
food palatability and variety on short-term food intake.
The additional calories provided by sucrose intake may
inversely influence the food and water intake. Low-
calorie sweeteners e.g. saccharin offer a palatable
alternative to caloric sugars such as sucrose and are
commonly found in soft drinks, sweetener packets, fast
foods, dairy products, etc. Consumption of low-calorie
sweeteners has increased significantly in recent years and
controversy exists surrounding their effect on feeding

Corresponding Author Manjula Suri  Email: - mnjlsuri@gmail.com

6|Page


http://www.mcmed.us/journal/abs
http://dx.doi.org/10.21276/abs.2020.7.1.2

Manjula Suri et al. / Acta Biomedica Scientia. 2020; 7(1): 6-12.

behavior. However, the underlying mechanism in sucrose
or saccharin induced feeding behavior is still not clear.
Therefore, we studied different parameters of palatability,
feeding behavior, and blood glucose level in the present
study utilizing adult male rats fed with sucrose or
saccharin.

MATERIALS AND METHODS
Animals

All the animal experiments were conducted on
male albino Wistar rats (200-250 g) bred in the Central
Experimental Animal Facility under the Institutional
Ethical Committee (All India Institute of Medical
Sciences) approval. Rats were marked and housed in
separate polypropylene cages after/during experimental
procedure under standard laboratory conditions (25+2°C,
light/dark cycles of 10/14 h)and rats were provided with
ad libitum food (Ashirwad Industries, India) and water.
In the present study, rats were provided with water
(Control group, n=12), 20% sucrose (Sucrose group,
n=12) or 0.1% saccharin (Saccharin group, n=12) along
with food pellets. Food intake, water intake, body weight,
sucrose intake, saccharin intake, licking behavior, and
blood glucose level were studied in sucrose and saccharin
fed rats in each group.

Food Intake Estimation

Rats were provided with pre-weighed food in
spill-proof containers at the beginning of the experiment
[28]. Care was taken to provide surplus food and the
leftover food was repeatedly weighed at 0, 0.25, 1, 3, and
5h.

Water Intake Estimation

Similarly, rats were also provided with a
premeasured amount of water in a spill-proof container
[28]. Care was taken to provide surplus water and left-
over water was measured at 0, 0.25, 1, 3, and 5 h.

Sucrose and Saccharin Intake Estimation

Furthermore, sucrose (20%) and saccharin
(0.1%) were freshly prepared and provided as
premeasured to rats at the beginning of each experiment
in a spill-proof container along with food and water. Care
was taken to provide surplus sucrose and saccharin and
then left-over saccharin and sucrose was measured (O,
0.25,1, 3,and 5 h).

Licking Behavior in Sucrose and Saccharin Fed Rats
Licking behavior was studied in Skinner box
which is provided with food dispenser and optical
lickometer (Coulbourn Instruments, USA), light emitting
diode emitter and receiver of the photocell sensor. The
light beam is passed through glass rods across a gap at
the end of the tube. With each lick, animal's tongue
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breaks the light beam which is registered every time in
personal computer. The rat was kept in the Skinner box
and the bottle was filled with either sucrose or saccharin.
The number of licking responses at the tip of the bottle
was computed every 5 min for 5 h.

Blood Glucose Estimation

Glucose meter (Accu-check sensor, Roche
Group, India) was used for blood glucose concentration
(mg/dL) measurement. The test strip was inserted into the
test strip slot with silver colored bars facing up and
glucometer turns on automatically. Lancet was used to
obtain a drop of blood from the hind paws of the rat. A
drop of blood is touched to the edge of the strip within
the curve. The blood drop gets drawn into the strip
automatically. The digital monitor displayed the blood
glucose concentration.

Body Weight Measurement

Rats body weight was recorded weekly using a
single pan torsion balance [28]. The accuracy of this
balance was + 100 mg and weight up to 1 kg could be
accurately recorded on this.

Study Design

Rats were divided into Control, Sucrose fed, and
Saccharin fed groups. Different parameters such as body
weight, food intake, water intake, sucrose intake,
saccharin intake, licking behavior, and blood glucose
level were studied from a session | through V at 0.25,
1.0, 3.0, and 5.0 h (Fig. 1).

Statistical Analysis

Data are presented as meanzstandard deviation
(SD). The values were compared between Control and
Sucrose fed group utilizing paired student t-test. One-way
ANOVA was utilized to compare Sucrose versus
Saccharin group.

RESULTS
Effect of Sucrose Ingestion

During the period of observation, the Control
rats ingested food during session IV only, whereas
sucrose-fed rats ingested almost the same amount
distributed over session 1V and V (Table 1). Total food
intake during 5 h was comparable in Sucrose fed and
Control group of rats, although there was a significant
difference during sessions IV and V as compared to the
Control group (Fig. 2A).

Water intake significantly varied during sessions
I1, 11, and 1V in Control rats whereas, in Sucrose fed rats
it varied during sessions 11l and 1V (Tablel). Total water
intake was reduced (p<0.02) in Sucrose-fed as compared
to Control group of rats (Fig. 2B). Rats started drinking
sucrose immediately within 5 min after the presentation
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of bottles which continued until session V. Total sucrose
intake during 5 h was 12.18+5.22 mL (Fig. 2C).

Body weight was comparable between Control and
Sucrose-fed rats during the study period of 2 weeks (Fig.
2D). Blood glucose concentration was determined in the
rats ingesting food and/ or sucrose ad libitum at various
study hours. Blood glucose concentration varied from
83.75+5.22 mg/dL to 94.58+6.35 mg/dL during the 5 h
period of observation in Control rats, whereas it varied
from 87.0£2.66 mg/dL to 103+2.33 mg/dL in Sucrose-
fed rats. The blood glucose concentration of sucrose-fed
rats was comparable to Control rats throughout the period
of observation (Fig. 2E).

Effect of Sucrose Ingestion on Licking Behavior

The number of licking responses at the tip of the
sucrose bottle was recorded every 5 min for 5 h. The rats
ingested sucrose in six bouts during the experiment. The
duration and frequency of licks varied although the peak

responses were about 500. The peak numbers 1-2
corresponded to sessions IlI-Ill, peak 3-4 appeared
between sessions 111 and 1V, and peak 5-6 during session
V (Fig. 3A).

Effect of Saccharin Ingestion on Licking Behavior
Total saccharin intake was 15.72+6.73 mL
during 5 h and comparatively more than sucrose intake
(Fig. 2C) which did not attain statistical significance.
Rats received saccharin solution at the start of the
experiment and the number of licking responses were
computed every 5 min for 5 h. The licking behavior
varied from that of sucrose. The number of bouts was
only four. The number of licks peaked during sessions I-
Il and then reduced to peak again at 90 min to a lower
value. It then reduced to near nadir corresponding to
session IV (Fig. 3B). It peaked again to a lower value
than the sucrose response during session V (Fig. 3A-C).

Fig 1. Schematic presentation of the whole study design. Bl-blood
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Fig 3. Effect of sucrose and saccharin ingestion on licking behavior of the rats.
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The figure depicts the effect of sucrose and saccharin ingestion on licking behavior (A and B) responses (5 min for 5 h).
However, the summated values of three blocks are being represented in the lower panel (C).

Table 1. Food, water, and sucrose intake in the Control and Sucrose fed rats

Session Food intake (g) Water intake (mL) Sucrose intake (mL)
Control Sucrose fed Control Sucrose fed
[ 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0£0.0
1 0.0+0.0 0.0+0.0 4.66+1.0M 1.0+0.7** 5.88+1.36™"
i 0.0+0.0 0.0+0.0 3.33+1.3™ 2.7740.6*" 3.11+1.05"
[\ 5.0+£0.0"M 2.26+2.6*" 3.66+2.1M 4.88+1.1*M 3.7740.87"
\% 0.0+0.0 2.26+2.6*" 1.77£1.7 1.11+0.3 2.66+1.65"
Total (5 h) 5.0 4.48 13.42 9.76** 12.18+5.22

The table depicts a significant variation (mean+SD) in food and water intake in Sucrose fed rats as compared to Control rats.
* indicates a comparison between Control and Sucrose fed groups while ~ indicates comparison as compared to the session |

within the group. */*P <0.05 and **/"P <0.01.

DISCUSSION

Our study shows that ad libitumsucrose
ingestion for 5 h did not make any significant difference
in the blood glucose concentration and body weight in
Sucrose fed as compared to Control rats. Whereas, in
sucrose-fed rats, a significant variation in food intake was
observed in session IV and V (3-5 h) and in water intake
in sessions Il and 11l as compared to the Control group.
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The total sucrose intake shows that the rats drank
maximally immediately after sucrose presentation and
continued to drink till 5 h although in lesser gquantities.
Licking behavior in sucrose-fed rats show 6-bouts of
licking behavior spread over 5 h study period whereas in
saccharin fed rat there were four bouts. The peak
numbers 1-2 corresponded to sessions I1-111 while peak 3-
4 appeared between sessions Il and 1V and peak 5-6
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during session V. It is worth noting here that number of
licks during a block corresponded to 500 licks except
during the period 180-240 min, which roughly
corresponded to 3 h and 45 min post-sucrose ingestion.
Number of licks were approximately 750 (Session II) in
saccharin fed rats. The number of licks gradually started
increasing from 3 h onwards to 3.45 h and then suddenly
decreased to <50. The number of licks suddenly
increased to 200 but finally decreased to null at 5 h. It
appears that the period from 150-195 min when number
of licks was less than 50 corresponded to eualgesia
recorded in Sucrose fed rats to most of the nociceptive
responses [29] while the hyperalgesia recorded during
session V [30] corresponded to extreme effort of 750
licks in 15 min followed by an exhaustive attempt around
285 min.

Bilateral electrolytic lesion of VMH has been
reported to cause marked hyperphagia and obesity in rats,
whereas bilateral lesion in adjacent LH resulted in
aphagia [31-33]. Electrophysiological recordings from
VMH have shown an increased activity following
feeding or administering glucose whereas, LH activity
tends to be lowered [11, 33-34]. These reactions are
consistent with the role of VMH in limiting the intake of
food and preference for palatable food [10]. Animals
begin eating almost immediately after either procaine
injections or electrolytic lesions into the VMH [35, 29].
Calorically rich sucrose sweet taste enhanced VMH
activity and decreased LH activity. On the contrary,
calorically inert saccharin sweet taste did not change the
LH activity though the VMH activity was increased. It is
correlated that VMH activity increased with sweet taste
and it may be via VMH glucose receptors activation [11,
36] that dynamically respond to hypoglycemia [14, 37-
40] to affect feeding behavior.

Food intake data of sucrose-fed rats is
interesting because of the following observations, (1) The
total amount of food ingested is equal in Control (5 g)
and Sucrose (4.48 g) fed rat which has been ingested in
session 1V by control and session IV and V by sucrose
fed rat. Duration of session Ill to V is four hours each
session lasting for two hours. Therefore, Control rats
ingested 5 g in 2 h while sucrose fed ingested 5 g in 4 h.
It appears that sucrose-fed rats have become “nibblers”
during this period. (2) Incidentally, first signs of
hyperalgesia in some of the tests, in sucrose-fed rats have
appeared in session V. Strong hyperalgesia is seen in
electrolytic VMH lesion [41]. (3) In chronic sucrose fed
rat from weaning to adulthood pronounced hyperalgesia
to noxious stimuli was noted [25]. Their food intake was
higher which has been attributed to the functional
physiological removal of VMH from the neural circuit.
(4) Similarly, rats receiving continuous micro-infusion of
2DG in VMH [42] for 7 days show hyperalgesia and
hyperphagia. (5) In light of these observations, VMH
lesion produces hyperphagia and hyperalgesia. These
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hyperalgesic rats are nibblers and reportedly lose the
diurnal rhythm to eat. Since nibbling and hyperalgesia
are both characteristically seen in VMH lesion, therefore,
it is tempting to hypothesize that in sucrose-fed rats
VMH is having a “functional lesion” or it is out of the
neural circuit. To summarize, it appears that sucrose-fed
rats in the present study during session IV which
extended from 1-3 h of sucrose ingestion have started
showing the first sign of VMH being pushed out of
circuit namely nibbling i.e. they ingested 5 g of food in 4
h compared to Control group who ingested the same
amount in 2 h.

As compared to sucrose, saccharin has been
reported to stimulate different hedonic properties and
gustatory sweet receptors [43-45]. Bergmann et al. [42]
also reported that saccharin consumption probably
stimulates the release of endogenous opioid peptides via
gustatory sweet receptors stimulation. Saccharin, a highly
palatable sweetener that serves as an effective reinforcer
of operant behavior and induces hyperphagia [4]. When
electrical responses of VMH and LH to taste were
recorded in a rat, ingestion of sucrose increases VMH
activity and decreases LH activity while saccharin
increases only VMH activity, though a reciprocal
decrease in LH was not shown. Dynamics of LH/VMH
neuronal activity is guided by the motivational state of
the animal which in turn influences motivation to feed
and associated behavior. Saccharin induced dietary
hyperphagia is attributed to the interaction between
innate and learned responses to the taste of foods. Rats
innately respond to sweet tasting substances (saccharin)
probably because they have some nutritive value [4].

In our study, blood-glucose concentration is
increased little bit in Sucrose-fed rats compared to
Control rats. As saccharin is non-calorigenic and unlikely
to increase the blood glucose level, therefore, we did not
measure the blood glucose level in the Saccharine fed
rats. Anseloni et al. [46] reported that gustatory
information from taste receptors is transmitted via facial,
glossopharyngeal and vagal nerves to NTS, ascends to
PBN and mid-and forebrain targets including taste
thalamus, VMH, LHA, and insular cortex. Glucose-
responsive cells in the VMH and LHA sense systemic
and the ventricular chemical information. Further
integration of information from other modalities, leads to
feeding-related decision to control visceral organs and
the motor system. The prefrontal cortex, amygdala, and
reticular formation mediate signals from various sources
and contribute, along with the hypothalamus, to the
integration of hunger and satiation signals [47]. However,
underlying mechanism of variation in palatable non-
nutritive versus nutritive sweetener induced feeding
behaviour is still not clear.
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CONCLUSION

To summarize, there is temporal variation in
sucrose versus saccharin induced ingestive behavior, but
the underlying mechanism is still not clear. Further
studies are needed to decipher the difference in the effect
of palatable non-nutritive versus nutritive sweeteners on
ingestive behavior.
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